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Report  of  the  State  Geologist. 


Iowa  Geological  Survey, 

Des  Moines,  December  81, 1904. 

To  Governor  Albert  B.  Cummins  and  Members  of  the  Geological 
Board: 

Gentlemen:— It  is  my  privilege  to  report  the  progress  that 
has  been  made  during  the  past  year  in  carrying  oat  the  plans 
for  work  that  were  approved  by  you  a  year  ago.  The  resigna- 
tion of  Professor  Calvin,  who  submitted  these  plans  to  you  and 
who  has  guided  the  investigations  of  the  Survey  from  its  begin- 
ning, was  a  matter  of  keen  regret  to  all  those  who  are  inter- 
ested in  the  work  of  the  Survey  throughout  the  state  and  the 
country  at  large.  It  is  fitting  at  this  time  to  call  attention  to 
the  high  plane  to  which  the  Survey  has  been  raised  during  his 
administration.  I  can  not  do  so  more  appropriately  than  by 
quoting  a  reliable  writer  for  the  Mining  Reporter  of  Denver  for 
February  23, 1903.  "For  types  of  successful  University  Surveys 
it  is  only  necessary  to  refer  to  the  magnificent  history  of  the 
Wisconsin  Survey,  whose  publications  have  come  to  be  regarded 
as  classics  in  Geological  literature;  the  Iowa  Survey  under  the 
charge  of  Professor  Calvin,  of  the  State  University,  whose  work 
has  been  so  favorably  commented  on  by  the  Geological  and  Engi- 
neering Journals;  the  Maryland  Survey,  in  charge  of  the  depart- 
ment of  Geology  in  Johns  Hopkins  University,  has  been  a  model 
of  economy  and  economic  efficiency  as  well  as  scientific  eicel- 
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lence.  Among  the  many  others  may  be  specifically  mientioned 
the  present  New  York  Survey,  and  the  Texas  Survey  estab- 
lished within  the  past  few  years  at  the  State  University,  and 
already  recognized  as  an  important  factor  in  the  recent  devel- 
opment of  the  state." 

It  gives  me  great  pleasure  to  report  that  Professor  Calvin  will 
retain  an  active  interest  in  the  work  of  the  Survey,  and  the 
relief  afforded  him  from  routine  and  executive  duties  will  ena- 
ble him  to  push  forward  the  important  monographs  that  he 
has  undertaken  on  the  stratigraphy  and  paleontology  of  the 
state. 

On  account  of  the  removal  of  Prof.  J.  B.  Weems  from  the 
state,  Prof.  Louis  G.  Michael  of  the  Iowa  State  College,  at  Ames, 
was  appointed  Survey  Chemist  by  you  and  is  serving  in  that 
capacity. 

In  addition  to  the  preparation  of  a  number  of  county  reports 
during  the  past  year,  more  time  than  heretofore  has  been 
devoted  to  some  of  the  larger  economic  problems  with  the  pur- 
pose of  publishing  results  in  a  convenient  form  to  meet  a  real 
and  growing  demand  for  information  in  regard  to  the  quarry 
and  cement  materials;  the  coal;  and  the  gypsum  of  the  state. 
A  preliminary  report  on  the  Portland  cement  industry  and 
Iowa's  natural  resources  with  reference  to  Portland  cement, 
prepared  by  Edwin  C.  Eckel  and  H.  F.  Bain  of  the  United 
States  Geological  Survey,  is  published  this  year.  This  report 
is  a  product  of  the  helpful  co-operation  of  the  State  and 
National  Geological  Surveys,  a  co-operation  which  has  been 
efficient  along  a  number  of  lines  during  the  year.  The  report 
shows  plainly  that  the  limestones  and  clays  of  Iowa  are  a 
proper  field  for  the  careful  study  of  the  cement  manufacturer, 
and  it  is  believed  that  this  preliminary  report  will  attract  the 
attention  of  capital  seeking  investment  along  this  line.  A 
number  of  urgent  requests  for  this  report,  from  responsible 
parties,  are  already  on  file.  A  more  thorough  study,  looking  to 
a  complete  report  on  Portland  cement  possibilities  in  Iowa,  is 
now  being  undertaken  by  Dr.  S.  W.  Beyer  in  connection  with 
his  investigation  of  quarries  and  quarry  products  within  the 
state.  The  field  work  on  these  reports  will  require  at  least 
another  summer. 
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The  series  of  coal  tests  that  have  been  undertaken  by  the 
Iowa  Geological  Survey,  co-operating  with  the  United  States 
Survey,  promises  to  bring  out  facts  that  will  be  of  interest  to 
every  user  of  coal.  The  coal  was  in  all  cases  donated  by  mine 
operators  and  in  every  instance  but  one  carried  without  charge 
by  the  railroad  companies.  Five  car  loads  of  coal  from  as 
many  important  mines  in  Iowa  have  already  been  tested,  and 
with  the  results  obtained  it  will  be  possible  to  illustrate  the 
nature  and  significance  of  the  work.  For  the  first  time  in  the 
history  of  the  country  coal  from  practically  all  of  the  coal 
producing  states  has  been  brought  to  a  single,  well  equipped 
plant,  and  has  been  tested  under  the  same  conditions  and  by 
the  same  men,  whose  position  guarantees  a  fair  and  impartial 
statement  of  results. 

A  study  of  the  figures  which  follow  will  lead  to  the  con- 
clusion that  in  general  the  coals  imported  into  Iowa  are  selling 
at  a  price  that  is  too  high,  when  their  efficiency  is  compared  with 
the  Iowa  coals  which  are  put  on  the  home  market  at  a  price 
considerably  below  the  imported  commodity. 

When  burned  under  the  boilers  at  the  Saint  Louis  testing 
plant,  the  Iowa  coals,  on  the  average,  yielded  energy  sufficient 
to  maintain  a  horse-power  for  an  hour  for  each  3.9  pbunds  of  fuel 
burned.  For  six  samples  of  Illinois  coal,  the  average  amount 
of  coal  burned  per  horse-power  hour  was  3.7;  for  one  sample  of 
Pennsylvania  coal,  3.1;  and  for  thirteen  samples  of  West  Vir- 
ginia coal,  3  pounds  per  horse-power  hour. 

The  conditions  under  which  these  tests  were  made  represent 
fairly  the  conditions  that  prevail  in  the  average  power  plant  of 
moderate  size.  The  Illinois  coals,  from  the  fields  tested,  which 
are  extensively  used  in  the  eastern  part  of  the  state,  and  are 
often  given  a  decided  preference  over  Iowa  coals,  should  sell  at 
practically  the  same  price  as  the  average  Iowa  coal.  A  study 
of  the  chemical  analyses  of  the  coals  from  the  two  states,  made  in 
connection  with  these  tests,  indicates  that  for  domestic  purposes 
the  same  statement  is  true,  for  the  content  in  sulphur  and  ash 
in  the  coals  from  the  two  states  is  about  the  same,  and  certainly 
the  advantage  is  not  with  the  Illinois  coals  in  these  particulars. 

The  laboratory  tests  as  to  the  heating  qualities  of  the  coals 
tallies  with  the  tests  in  the  power  plant.    The  Iowa  coaKsJgave 
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on  the  average  6,300  calories,  and  11,000  British  thermal  units, 
and  the  same  figures  represent  the  value  of  the  Illinois  coals  in 
these  tests.  The  Pennsylvania  coal  tested  gave  results  one- 
twelfth  better,  and  twelve  samples  of  West  Virginia  coal  were 
one-sixth  higher. 

By  washing  the  Iowa  coal,  as  is  done  commonly  in  the  east, 
at  a  cost  of  six  cents  a  ton,  the  per  cent  of  ash  was  reduced 
four  per  cent,  and  the  amount  of  sulphur  one  per  cent.  Cok- 
ing tests  were  made  on  four  of  the  Iowa  coals,  in  the  ordinary 
beehive  oven.  On  the  average,  8,500  pounds  of  coal  yielded 
3,500  pounds  of  coke,  of  a  rather  inferior  quality,  and  these 
tests  were  not  encouraging. 

In  the  briquetting  tests,  it  was  found  advantageous  to  use 
eight  per  cent  of  tar  as  a  binder,  and  it  was  satisfactorily  shown 
that  the  fine  coal  waste  of  Iowa  can  be  prepared  and  put  upon 
the  market  as  a  satisfactory  fuel  by  this  process. 

The  important  producer  gas  tests  are  yet  to  be  made  with 
the  Iowa  coals,  and  the  probabilities  are  that  they  will  be  suc- 
cessful, though  there  will  exist  the  necessity  of  washing  the 
gas  to  remove  the  excess  of  sulphur.  This  process,  however,  is 
simple  and  inexpensive. 

It  is  hoped  that  coal  from  a  number  of  important  localities 
may  be  tested  at  the  Saint  Louis  plant  during  the  coming 
summer. 

During  the  past  summer  I  was  engaged  in  selecting  and 
securing  the  donation  of  these  car-load  samples,  and  in  nego- 
tiations which  led  to  the  granting,  in  most  cases,  of  free  trans- 
portation from  the  mine  to  the  testing  plant  at  Saint  Louis. 
In  addition,  while  in  the  coal  fields  engaged  ^n  this  work,  con- 
siderable new  light  was  gained  in  regard  to  extensive  coal  beds 
particularly  in  Marion  and  Lucas  counties. 

Preliminary  tests  to  determine  the  economic  temperature  for 
calcining  gypsum,  were  carried  on  at  the  laboratories  of  the 
State  University  during  the  summer  of  1904.  The  gypsum 
industry  in  Iowa  has  an  annual  output  valued  at  more  than 
$500,000,  and  the  state  should  assist  other  producing  states, 
notably  Michigan  and  Kansas,  by  contributing  her  part  to  an 
important  technical  literature  on  this  subject.    It  is  believed 
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that  the  Iowa  gypsum  industry  will  admit  of  a  considerable 
expansion,  and  that  a  knowledge  of  newer  methods  applicable 
to  the  making  of  hard  wall  plasters  will  result  in  profit  not  only 
to  the  gypsum  industry  but  to  the  whole  state. 

Professor  Calvin  has  been  engaged  throughout  the  year  in 
work  on  stratigraphic  problems,  and  in  collecting  and  com- 
piling data  for  a  final  report  on  the  drift.  He  has  identified 
fossils  for  a  number  of  Survey  assistants  and  has  rendered 
them  important  aid  in  the  field. 

Desiring  to  aid  the  high  schools  of  the  state  in  their  science 
work,  and  appreciating  their  need  of  illustrative  material,  the 
Survey  early  in  the  fall  proposed  to  share  with  the  schools 
some  of  the  material  that  it  has  brought  together.  To  deter- 
mine the  interest  of  the  high  schools  in  the  movement,  the 
following  circular  letter  wa«  addressed  to  the  high  school 
principals: 

The  Iowa  Geological  Survey,  through  its  representatives  in  the  field,  is  able  to 
bring  teg  ether  at  little  expense,  an  excellent  collection  of  the  rocks,  fossils  and 
minerals  of  Iowa. 

The  Survey  proposes  to  send  a  set  of  thirty  labeled  specimens  to  each  high  school 
in  the  state.  A  detailed  account  of  the  specimens  intended  to  be  helpful  to 
teachers  and  pupils  will  accompany  each  set.  The  high  school  receiving  the 
specimens  will  be  asked  to  pay  $1.00  for  specimen  trays  and  packing,  and  the 
express  charges.  The  purpose  of  this  nominal  charge  is  primarily  to  Insure  the 
Survey  of  a  reasonable  interest  in  the  material  on  the  part  of  the  recipients. 

Before  undertaking  the  work  an  expression  of  opinion  from  the  high  schools 
is  desired.     Will  your  school  care  to  co-operate  if  the  plan  is  carried  out? 

Very  truly  yours, 

Prank  A.  Wildbr, 
University  of  Iowa, 
Iowa  City,  Iowa. 

More  than  one  hundred  and  twenty  schools  sent  in  requests 
for  the  collections,  this  number  exceeding  considerably  the  an- 
ticipated demand.  One  hundred  sets,  representing  4,000  speci- 
mens were  sent  out  and  were  well  received  by  the  high  school 
authorities.  At  a  later  date  it  will  be  possible  to  supply  the 
remaining  applicants  and  others  who  may  apply. 
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The  following  spacimens  were  included  in  each  collection : 

SAMPLE. 

Sioux  qnartsite. 

Maquoketa  shale. 

Shell  limestone. 

Carboniferous  sandstone. 

Carboniferous  shale. 

Striated  glacial  pebble. 

Glacial  granite. 

Decayed  granite. 

Loess  and  loess  kindchen. 

Lead  ore  ttom  Dubuque. 

Waukon  iron. 

Quartz  geode. 

Calcite  geode. 

Rock  gypsum. 

Selenite. 

Satin  spar. 

Iron  pyrites. 

Peat. 

FOSSILS. 

Pentamerus  oblongus. 
Favosites  favosus, 
Halysites  caienuMus. 
Orthoceras  sociale. 
Acervularia  davidsoni 
Orthis  itnpressa, 
Orihis  iowensis . 
Airypa  reticularis* 
Spirifer  pennatus, 
Spirifer  hungerfordi, 
Spirifer  mucronatus, 
Athyris  spiriferoides. 
Ptyctodus  calceolus  (teeth) . 
Spirifer  keokuk. 
Athyris  subiilita, 
Inoceramus  labiatus. 

Pasteboard  trays  and  carefully  prepared  labels  were  fur- 
nished with  each  specimen  and  each  set  was  accompanied  by  a 
descriptive  pamphlet  of  ten  pages. 

The  following  list  includes  the  schools  receiving  the  material: 

Adel.  Bellevue. 

Akron.  Belmont. 

Albia.  Boone. 

Alton.  Brighton. 

Anamosa.  Brooklyn. 
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Burlington. 

Boy  n  ton. 

Cedar  Rapids. 

Charles  City. 

Centerville. 

Coon  Rapids. 

Correctionyille. 

Coming. 

Clinton. 

Cincinnati 

Cory  don. 

Council  Blnffs. 

Davenport. 

Decorah. 

Des  Moines,  Capital  Park  School. 

Des  Moines,  Oak  Park  School. 

Des  Moines,  West  High  School. 

Eagle  GroTe. 

Eddyville. 

Eldora. 

Emmetsburg. 

Ezira. 

Pairview. 

Farmington. 

Fonda. 

Fort  Dodge. 

Gamer. 

Glen  wood. 

Grand  River. 

Grimes. 

Grundy  Center. 

Guttenberg. 

Hawarden. 

Hedrick. 

Hiteman. 

Holstein. 

Ida  Grove. 

Iowa  Falls. 

Keokuk. 

Kirkman . 

Knozville. 

La  Porte. 


Lake  Mills. 

Lamoni. 

Manson. 

Manchester. 

Maquoketa. 

Marengo» 

Marshalltown. 

Montezuma. 

Missouri  Valley . 

Monticello. 

Mount  Pleasant. 

Muscatine. 

Nevada. 

Newton. 

Oelwein. 

Onawa . 

Ottumwa. 

Fella. 

Pomeroy. 

Randolph. 

Red  Oak . 

Reinbeck. 

Rock  Valley. 

Rockwell  City. 

Sanborn. 

Seymour. 

Spencer. 

Sioux  City,  High  School. 

Siouz  City,  Cathedral  School. 

Siouz  Rapids. 

State  Center. 

Storm  Lake. 

Story  City. 

Sumner. 

Tama. 

Tipton. 

Walnut. 

Wapello . 

Washington. 

Waukon. 

Waverly . 

Woodbine. 


No    phase   of  geologic  work   has  greater  significance  than 
the  preparation  of  topographic  maps.  On  account  of  the  expense 
involved  the  State  Geological  Survey  has,  up  to  the  present, 
not  felt  justified  in   entering  this   field.    Considerable  wor 
however,  has  been  done  by  the  United  States  Geological  Sur- 
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vey  in  the  eastern  part  of  the  state.  As  a  result  of  a  con- 
ference with  officers  of  the  Iowa  Geological  Survey,  the 
topographic  branch  of  the  United  States  Geological  Survey 
will  begin  active  operations  in  the  central  part  of  the  state 
as  well  as  along  the  eastern  border.  In  order  to  aid  in  the 
more  careful  study  of  the  coal  resources  of  Polk  county  a 
topographic  survey  of  the  area  within  the  Des  Moines  quad- 
rangle will  be  completed  this  summer.  Some  work  will  be 
done  also  in  Fremont  county.  A  line  of  precise  levels  will 
be  run  between  the  Mississippi  and  Missouri  rivers,  crossing 
Iowa  from  east  to  west  through  Des  Moines.  The  engineers 
of  the  state  will  be  given  a  fair  example  of  topographic  work 
in  a  center  where  engineering  enterprises  are  important,  and 
the  measure  of  their  appreciation  of  this  work  will  be  a  fair 
guide  for  future  activity  along  this  line. 

The  newly  organized  soil  survey  at  the  Iowa  State  College  of 
Agriculture  and  Mechanic  Arts  has  found  that  its  reconnais- 
sance work  has  been  satisfactorily,  done  by  the  Geological  Sur- 
vey in  connection  with  its  glacial  studies.  At  the  request  of 
Doctor  Wilcox,  of  the  Soil  Survey,  the  field  assistants  of  the 
Geological  Survey  will  continue  their  observations  on  soils,  and 
will  report  more  fully  on  this  topic  than  has  been  the  custom 
in  the  past.  Similarly,  at  the  request  of  the  State  Historical 
Society  and  the  Iowa  Anthropological  Society,  more  complete 
notes  will  be  made  on  prehistoric  mounds  and  fortifications. 

Volume  XV  of  the  regular  series  of  reports  is  submitted 
herewith.  Papers  by  Savage,  Macbride  and  Udden,  on  Benton, 
Fayette,  Emmet,  Palo  Alto,  Pocahontas,  Sac,  Ida  and  Clinton 
counties  are  included  in  this  volume.  Professor  Arey  of  the 
State  Normal  School  joins  the  Survey  stafE  for  the  first  time, 
and  presents  in  this  volume  an  excellent  report  on  Black  Hawk 
county.  The  report  on  Jasper  county  is  the  work  of  Mr.  Wil- 
liams. The  mineral  statistics  have  been  compiled  by  Doctor 
Beyer,  as  usual,  and  form  an  essential  part  of  the  report. 

The  second  volume  of  the  report  on  The  Grasses  of  Iowa, 
prepared  by  Prof.  L.  H.  Pammel,  has  just  been  distributed.  It 
is  a  work  of  lasting  value,  given  to  the  state  without  cost,  except 
for  publication,  and  even  here  a  portion  of  the  expense  for 
illustrations  was  borne  by  the  author.    The  two  volumes  on  The 


REPORT  OF   THE   STATE    GEOLOGIST.  11 

Grasses  of  Iowa  will  long  be  a  standard  reference  book  in 
schools  of  higher  grade,  and  form  another  instance  of  genuine 
scientific  work  which  has  also  an  economic  value,  contributed 
by  this  state  to  an  important  technical  literature.  Iowa  is  not 
alone  in  undertaking  work  of  this  kind,  and  it  is  generally  ad- 
mitted that  if  it  were  not  for  state  support  of  this  sort  an  im- 
portant element  in  scientific  literature  would  be  lacking. 

The  correspondence  of  the  State  Geologist  and  of  the  Assis- 
tant Geologist  growing  out  of  inquiries  from  within  the  state 
with  reference  to  deposits  or  finds  which  are  regarded  as  im- 
portant by  the  finders,  and  from  without  the  state  in  connection 
with  inquiries  from  capital  seeking  investment  in  connection 
with  Iowa's  mineral  wealth,  has  been  considerable,  and  is  grow- 
ing in  bulk  yearly. 

At  the  request  of  the  state  census  bureau,  the  Survey  is  pre- 
paring statements  of  the  mineral  output  and  resources  of  the 
state,  in  text  and  diagrams,  which  will  appear  in  connection 
with  the  census  publications. 

The  field  work  for  the  coming  year  will  be  pre-eminently 
along  economic  lines.  A  substantial  and  wholly  necessary 
foundation  for  this  work  has  been  laid  in  the  earlier  strati- 
graphic  studies  of  the  Survey. 

Frank  A.  Wilder, 

Iowa  City,  Iowa. 
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Iowa  Gbologioal  Subvst, 
Db8  Moikbs,  Dkobmbbb  Sly  1904. 

My  Dbab  Sir: — I  have  the  honor  to  submit  to  you  a  report 
upon  my  work  of  the  past  year  as  follows: 

During  the  months  of  January  and  February  the  time  was 
largely  occupied  with  office  duties,  in  addition  to  which  the 
report  on  the  Geology  of  Benton  county  was  completed.  An 
excursion  was  made  into  Carroll  county  for  the  purpose  of 
studying  the  drift  sections  exposed  in  the  cuts  recently 
made  along  the  Chicago  Great  Western  railroad.  Some 
data  were  collected  bearing  upon  the  age  and  distribution  of 
the  loess  deposits,  and  their  relation  to  the  drift  sheets 
exposed  in  this  portion  of  the  state. 

Search  for  coal  in  the  southwestern  counties  of  the  state 
has  been  actively  carried  on  during  the  past  several  months. 
Prospect  holes,  several  hundred  feet  in  depth,  have  been  put 
down  at  Tingley  in  Ringgold  county.  Carbon  in  Adams 
county,  and  near  Creston  in  Union  county.  After  the  drill 
had  penetrated  to  a  considerable  depth  at  each  of  the  above 
mentioned  points,  the  Survey  was  requested  to  send  a  repre- 
sentative to  examine  the  conditions  in  that  immediate  local- 
ity, and  to  advise  with  regard  to  a  continuance  of  the  work. 
In  none  of  these  drillings  were  coal  seams  of  workable  thick- 
ness discovered,  but  an  accurate  log  of  each  drilling  was 
made  and  a  definite  knowledge  of  the  deeper  strata  of  the 
Coal  Measures  in  these  localities  has  been  obtained. 

Notwithstanding  the  repeated  failures  that  have  attended 
the  search  for  commercial  quantities  of  oil  and  gas  in  our  state, 
a  company  was  recently  organized  for  that  purpose,  and  a  drill- 
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ing  was  made  at  Coin,  in  Page  couDty.  It  is  sufficient  to  say 
that  no  oil  or  gas  was  found,  but  a  coal  seam  twenty  inches  in 
thickness  was  encountered  at  a  depth  of  about  two  hundred 
feet. 

The  writer  was  called  to  investigate  a  gas  reservoir  that  was 
discovered  in  putting  down  a  well  near  the  town  of  Glidden,  in 
Carroll  county.  The  gas-bearing  stratum,  as  at  other  points  in 
the  state,  was  found  to  consist  of  a  bed  of  sand  that  was 
enclosed  above  and  below  by  a  sheet  of  bowlder-bearing  clay. 
The  gas  that  escaped  from  the  pipe  showed  a  good  pressure  and 
burned  with  a  strong  flame.  From  indications  that  were  shown 
in  other  wells  in  this  neighborhood  it  seemed  probable  that  the 
sand  bed  in  which  the^as  had  accumulated  extended  over  a 
number  of  square  miles.  The  parties  were  advised  not  to  form 
a  company  with  a  view  of  exploiting  the  gas  on  a  commercial 
scale,  but  to  pipe  it  to  the  town  of  Glidden,  a  distance  of  two 
and  one-half  miles,  and,  without  expensive  equipment,  utilize 
the  gas  at  home.  This  has  been  done  and  a  number  of  families 
have  been  supplied  with  light  and  fuel  from  this  source  during 
the  last  few  months. 

During  August,  in  company  with  Dr.  S.  W.  Beyer,  an  excur- 
sion was  made  for  the  purpose  of  studying  the  distribution  of 
the  lowan  drift  in  the  counties  of  Marshall,  Tama,  Poweshiek 
and  Jasper,  and  quite  satisfactory  conclusions  were  reached. 

The  supervision  of  the  illustrating  and  printing  of  volume 
XIV  of  the  Survey  reports  occupied  some  months  of  the  year. 
After  that  volume  was  through  the  press  field  work  was  taken 
up  in  Fayette  county.  Notwithstanding  necessary  interrup- 
tions this  work  was  pushed  to  completion  by  the  early  part  of 
December,  and  the  manuscript  of  the  report  on  the  Geology  of 
Fayette  County  is  submitted  herewith  for  publication. 

During  October  work  in  the  field  was  suspended  at  your  re- 
quest in  order  to  accompany  and  assist  Mr.  John  Groves,  the 
representative  of  the  United  States  Geological  Survey,  in  the 
collection  and  shipment  to  the  United  States  Geological  Sur- 
vey Coal  Testing  Plant  at  the  World's  Fair  Grounds,  Saint 
Louis,  Missouri,  six  car  loads  of  coal  that  had  been  generously 
donated  by  Iowa  producers  for  testing  purposes. 
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Throughout  the  year  the  office  has  looked  after  a  large  vol- 
ume of  correspondence  relating  to  the  examination  of  samples 
and  specimens,  information  with  regard  to  economic  deposits 
and  locations,  and  advice  to  prospective  investors  both  within 
and  outside  of  our  state.  In  many  cases  the  sending  of  printed 
matter  will  hot  furnish  the  specific  information  desired,  and  not 
infrequently  the  satisfactory  reply  to  a  single  communication 
has  involved  a  search  of  several  hours.  In  this  line  of  work 
the  survey  is  enabled  to  render  very  practical  service  to  the 
people  of  the  state;  a  service  that  is  appreciated  as  is  testified 
by  the  numerous  letters  of  thanks  which  reach  this  office. 

Very  respectfully  yours, 

T.  E.  Savage, 
Assistant  State  Geologist. 
To  Prof.  Frank  A.  Wilder, 

State  Geologist. 


MINERAL  PRODUCTION  IN  IOWA 

IN  1904 

BY 

8.  W.  BEYER. 


VALUE  OP  MINERAL  PRODUCTION. 

1902. 

Coal $8,660,287 

Clay 2.843,336 

Stone 665.045 

Gypsum 337,735 

Lead ]}]}^ 

Total $12,517,501 

1903. 

Coal   $10.439, 139 

Clay    3.033,583 

Stone 597,965 

Gypsum 523.008 

Lead 8^ 

Total $14,596,708 

1904. 

Coal $10,439,496 

Clay  3.507,576 

Stone 542,170 

Gypsnm 469,432 

Lead 2,619 

Sand-lime  brick 13,907 

Total $14,975,200 


MINERAL  FBODUOTION  IN  IOWA  FOB  1804. 


BY  S.  W.  BEYER. 


The  selling  value  of  the  mineral  products  of  Iowa  for  the 
year  1904  shows  a  slight  gain  over  that  for  1903.  The  value  of 
the  output  of  clay  goods  in  1904  was  nearly  half  a  million  dol- 
lars greater  than  that  for  the  preceding  year;  coal  shows  but  a 
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slight  increase,  while  the  value  of  the  stone,  gypsum  and  lead 
production  falls  a  little  below  that  for  the  year  1903.  No  zinc 
or  iron  was  marketed  during  the  year. 

The  number  of  producers  for  the  various  mineral  industries 
of  the  state  is  shown  below  in  parallel  columns  for  the  years 
1901  to  1904  inclusive. 


• 

1900 

1901 

1902 

1903 

1904 

Coal 

231 

381 

170 

7 

6 

1 

242 
349 
229 

7 
10 

1 

274 
329 
273 
7 
.  8 

271 

296 

197 

8 

8 

269 

Clay 

331 

x    ^ 

StODft. 

258 

GvDKIIll 

8 

Lead  and  xinc 

5 

Tron 

Sand-lime  brick 

2 

Total ; 

796 

838 

891 

780 

873 

The  value  of  the  total  mineral  prodnntion  is  shown  in  table 
No.  I. 


>. 
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TABLB  No.  I. 
YAXAm  or  TOTA.L  MINBBIL  PBOliaoriON  BT  OOUKTIBB  FOB  HOC 


COUNTXBS. 

Numt>er  pf 
producers. 

• 

1 
1 

• 

■S 

5 

i 

Adair 

3 

16 

3 

57 

1 

13 
11 
19 
1 
1 
3 
1 
6 

1 
4 
2 
6 
1 
1 
8 
2 

11 

10 
2 

16 
2 
7 
7 

12 

16 
I 

11 
9 
6 
8 
2 
8 
4 
1 

13 
6 

10 
4 
3 

i       29,793 

$       13,335 
14,378 

1         13,335 
44.171 

Adams 

Allamakee  ....... 

$         324 

520 

324 

Appanoose ....... 

1.643,684 

16,477 

1.660.681 

Atidubon 

Benton . .  .,* 

24,425 
14,753 
78,995 

3,291 
12,493 



27.716 

Black  Hawk 

558,999 

27.^46 

Boone  

637.994 

Brtmer 

Buchanan  ..,.•,.. 

Buena  Vista 

.«•«........ 

17,143 

17.143 

Butler 

Calhoun 

26,936 

26.936 

Carroll 

Cass 

116,925 

14,192 

274,219 

116.925 

Cedar 

15,824 
50,309 

30.016 

Cerro  Gordo  ..... 

324.528 

Cherokee    

Chickasaw 

Clarke 

3,186 

3  186 

Clay 

43,600 
13.294 
20,325 
12,560 
131,047 

43  600 

Clayton 

Clinton 

5.875 
8,544 

320 

19.169 

....    ... 

28.869 

Crawford 

12.560 

Dallas 

28,149 
1,332 

159.516 

Davis 

l.?32 

Decatur 

6.625 
12.000 
35,.S00 
43,700 

15,589 

671 

2.809 

18.538 

33.372 

"10.503* 
4.840 

7.296 

Delaware 

14.809 

Des  Moines  ...... 

53  838 

Dubuque  

Bmmet  .....  1 1  -  - . 

$      2.619 

79,691 

Payette 

Floyd 

Fremont 

26.092 

4.840 

14.700 

14.700 

Greene 

58,027 

58.027 

Grundv  

Guthrie 

26.123 

■  •       •       •   •  •  •  • 

22.176 
47.350 

•  •  •  •«•  • 

1.325 

4S.299 

Hamilton 

48.675 

Hancock 

Hardin 

60.234 
16.260 
20,619 

11.438 

71.672 

Hamson 

16,260 

Henry 

Howard* 

•  ••       ••••,•• 

2.511 
1.267 
1,138 

23.130 

1.267 

Humboldt 

1,138 
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TABLE  No.  I.— CoNTiNUBD. 
YALUB  OF  TOTAL  MINERAL  PRODUCTION  BY  00UNTIB8  FOR  1004. 


COUNTIBS. 


O    CA 

S  ^ 

•2  ^ 
2  a 


o 
o 

o 


>« 

« 


o 


a 
o 

o 


aa 

is 


S 


o 


Ida 

Iowa 

Jackson... 

Jasper 

Jefferson 

Johnson 

Jones  

Kossuth 

Keokuk  

Lee 

Linn 

Louisa  ....I  — 

Lucas    

Madison 

Mahaska 

Marion 

Marshall 

Mills 

Mitchell 

Monona 

Monroe 

Montgomery  . . 

Muscatine 

Page 

Plymouth 

Pocahontas  . . . 

Polk 

Pottawattamie 
Poweshiek  .... 

Ringgold 

Sac   

Scott 


•  •  •  •  •  • 


Shelby 

Sioux 

Story 

Tama 

Taylor 

Union 

Van  Buren. 
Wapello  ... 
Warren  . . 

Washington 

Wayne 

Webster 

Winneshiek 

Woodbury 

Wright 

Single  producers 
Sandstone 


. .  • . 


Totals 


I 

5 

8 

16 

6 

10 

IS 

1 

29 

'/O 

14 

12 

4 

7 

38 

24 

11 

4 

4 

1 

12 

12 

10 

9 

2 

3 

47 

7 

3 

2 

2 

25 

I 

3 

3 

8 

7 

2 

11 

19 

5 

15 

12 

22 

2 

6 

5 


26 


374,984 
20.232 


67,093 


278,890 


954.963 
431.722 


3.023.883 


50.178 


1,886,389 


21.448 


37.838 

16,301 

448.474 

25,182 

i86i687 
275.725 


35.730 


21,050 

35,017 

45.710 

8.950 


37.682 
7.880 

39.229 
8.381 


65.080 
20.875 
59,802 
11,600 


70.475 


2.400 
82.341  [ 


1.913 
31.544 
14.377 

2,241 


43.874 


12,075 


1,394 


47.827 

32.856 

43.900 

7,900 

77,800 

648,853 

74.452 

15.738 

6.750 

1,180 

31.660 


13.023 
22.306 
98,242 

7.350 
21,755 

3.460 
62,222 


•  ■  •  • 


26.033 
11.970 

254,930 
8.000 

296.362 
74.665 
92.199 


$10,439,496  $  3.507.576 


1,410 


40.288 


816 
30.290 


5.606 


3.453 
8,575 


•  •■••••• 


469.432 


$  542.170   $  472.051    $  14.975.200 


35.730 
70.475 
396,034 
55.249 
48.110 
91,291 


106.688 
39.424 
53,606 

289,512 


43.874 

1,020,043 

464,672 

59,802 

11,600 

1,394 


3,023,883 

49,237 

32.856 

94,078 

7.900 

77,800 

2.525.242 

74,452 

15,738 

6.750 

1.180 

93.396 


13.023 
22.306 
98.242 
45.188 
21.755 
20.577 

540.986 
25,182 
31.639 

192,057 

1.000,087 

8.000 

298,362 

74.665 

95.652 

8.575 
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Goal. 

The  coal  production  shows  a  two  per  cent  increase  in 
tonnage  and  almost  no  change  in  total  value  owing  to  a  cor- 
responding falling  ofE  in  average  price  per  ton.  Of  the  twenty- 
three  coal  producing  counties  eight  only  show  increased 
outputs,  Monroe  county  heading  the  list  with  a  total  production 
exceeding  two  millions  of  tons.  Keokuk  and  Lucas  counties 
show  the  greatest  relative  shrinkage.  Greene,  Guthrie,  Jefferson, 
Page,  Polk,Way  ne  and  Webster  are  the  remaining  counties  which 
increased  their  production  over  1903.  Extensive  development 
work  was  carried  on  during  the  year  in  Lucas,  Monroe  and 
Polk  counties.  The  increased  production  in  Monroe  county, 
was  due  largely  to  the  extension  of  the  Consolidation  Coal 
Company. 

Table  No.  II,  gives  the  number  of  companies  producing,  dis- 
tribution of  coal,  total  tons  produced,  total  value,  average 
price  per  ton,  average  number  of  days  worked  and  number  of 
men  employed,  arranged  by  counties. 

TABLE  No.  II. 
OOAL  OUTPUT  BI  OOUNTIBS  FOR  19U4. 


OOTTHTIXS. 


s 
a 

1 
a 

0 

ons  loaded  at 
mines  for  ship- 
ment. 

Ek>ld  to  local  trade 
or  used  by  em- 
ployes. 

Bed  at  mine  for 
steam  and  heat. 

otal  tons  pro- 
duced. 

otal  selling  value 
it  mine. 

▼erage  price  per 
ton. 

yerage  number  of 
days  worked. 

^ 

H 

P 

H 

H~ 

< 

< 

S- 

a-o 

d  9  k 

>  90  *■* 


Adama 

Appanoose 

Boone    

DaLas 

Davis 

Greene 

Gachrie 

.Tamper 

Jefferson 

Keokuk 

Lucas 

Mahaska    

Marion  

Monroo 

Pnge    

Polk 

Scott  

Tavlor 

VanBaren  ..     . 

Wapello 

Warren 

Wayne 

Webster 

Total 


n 

12.640 

10 

12,660 

t   29.798 

$2.86 

181 

68 

821,814 

85  167 

12.7o9 

872,720 

1,643.684 

1.86 

187 

18 

269,017 

20.870 

5.770 

285.157 

658, 99» 

1.96 

196 

8 

6.100 

6.400 

5b6 

13,066 

28,149 

2.16 

148 

1 

548 

548 

1,632 
58,027 

2.45 

160 

7 

180 

26.673 

1,360 

28,213 

2.05 

183 

5 

9,149 

9.149 

2H,128 

2.85 

155 

9 

236,894 

10,894 

16.660 

257,348 

874,964 

1.45 

217 

8 

1,200 

8.860 

250 

9,810 

20,232 

2.06 

174 

12 

28,269 

18,327 

2,916 

44,612 

67,093 

1.57 

239 

8 

168,619 

12,117 

14,259 

189,895 

278,890 

1.46 

184 

81 

607,114 

39,048 

17,786 

663.948 

954,963 

1.44 

197 

17 

2296,866 

24.696 

6,468 

827,518 

481,722 

1.32 

225 

12 

1.969.217 

46,548 

46.112 

2.061,877 

8,023  883 

1.46 

242 

8 

17.308 

999 

18.302 

60,178 
1,886,889 

2  74 

235 

25 

849,540 

288.702 

42,426 

1,180.668 

1.67 

222 

7 

10,604 

180 

10,724 
16,278 

21.448 

1.97 

164 

4 

8.952 

7.286 

85 

87,868 

282 

200 

4 

4.721 

8.284 

•  •  • 

8,006 

16,801 

2.06 

207 

11 

198,876 

99. 0^4 

4,886 

802,856 

448,474 

1.48 

219 

6 

«S»*^ 

5. 061 

•  ■  ■ 

11,490 

25,182 

2.19 

149 

7 

88,748 

12.006 

180 

96,879 

180,067 

1.82 

203 

18 
289 

117.868 

18.470 

8.705 

184,588 

275,726 

2.04 
11.60 

826 

6,6.W.808 

677. 2?6 

170,627 

6.607  655 

$10,489,496 

818 

107 

2.769 

1,029 

44 

2 

77 

40 

571 

28 

118 

476 

1.605 

745 

4,113 

106 

2.186 

61 

68 

29 

686 

49 

388 

846 

15,873 
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The  price  per  ton  varies  greatly  when  the  different  counties 
are  compared,  ranging  from  $1.32  for  Marion  to  $2.85  per  ton 
for  Guthrie  county.  A  casual  inspection  of  the  above  table 
will  show  that  the  average  price  per  ton  depends  very  largely 
upon  the  disposition  of  the  product.  Other  things  being  equal 
those  counties  showing  the  largest  local  trade  report  the 
highest  average  price  per  ton.  There  was  a  falling  off  in 
average  number  of  days  work  with  a  more  than  compensating 
increase  in  the  number  of  men  employed. 

According  to  the  authority  of  the  United  States  Geological 
Survey,  Iowa  ranked  ninth  in  total  tonnage,  and  seventh  in  total 
value  of  coal  produced  in  1903.  The  ten  leading  producers  of 
bituminous  coal  for  1903  were  as  follows: 


8TATB. 


TOmVAOS. 


YAXiUa. 


1.  Pennsylvasia. 

2.  Illinois 

3.  West  Virginia 

4.  Ohio 

5.  Alabama..... 

6.  Indiana 

7.  Kentucky  .... 

8.  Colorado 

9.  Iowa 

10.  Kansas 


$103,117,178 

36,957,104 

29,337,241 

24,833,103 

11.654,324 

10.794,692 

7,538,032 

7,423,602 

6,419,811 

5,839.976 


$121,752,759 

43,196.809 

34,297,019 

31,932.327 

14,246.796 

13,244,817 

7.979,342 

9,150,943 

10,563,910 

8.871.953 


The  average  price  per  ton  for  Iowa  during  1903  was  $1.65, 
while  for  the  whole  United  States  it  was  $1.24. 

The  production  for  the  state  during  the  past  six  years  was 
as  follows: 


▲TBaAOB 
PBIOB. 

▲VXRAOS 

▲VaUAOK 

TXAB. 

TOTAL  T0H8. 

▼ALUS. 

VmCBXR  DATB 

nUMBSB  MSN 

WOBKSD. 

SMPLOTSD. 

« 

1899 

5,177.479 

6,397,338 

$1.24 

229 

10.971 

1900 

5,202,939 

7,155,341 

1.38 

228 

11,608 

1901 

5,617,499 

7,822,805 

1.39 

218 

12,653 

1902 

5,904,766 

8.660,287 

1.47 

227 

12,434 

1903 

6,365  233 

10,439,139 

1.64 

232 

13,583 

1904 

6.507.655 

10.439.496 

1.60 

213 

15,373 
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Olay. 

Idle  yards  were,  perhaps,  no  fewer  in  1904  than  during  the 
preceding  year;  the  increased  number  reported  to  be  in  opera- 
tion during  the  latter  year  was  due  rather  to  the  opening  of 
new  factories.  The  most  notable  growth  was  in  the  manufac- 
ture of  drain  tile  which  shows  an  increase  of  thirty  per  cent. 
The  counties  showing  the  greatest  gains  in  this  direction  are 
those  in  or  contributary  to  the  area  covered  by  the  Wisconsin 
drift.  The  growth  in  the  production  of  tile  affected  the  man- 
ufacture of  common  brick  locally  but  the  output  of  brick  for 
the  state  does  not  show  a  material  change.  Next  to  drain  tile, 
the  growth  in  the  manufacture  of  hollow  block  shows  the 
greatest  increase,  amounting  to  about  twenty-five  per  cent. 
The  manufacture  of  burnt  clay  ballast  fluctuates  greatly  from 
year  to  year  and  no  average  figure  can  be  assigned.  The  total 
production  of  clay  products  shows  an  increase  of  about  six- 
teen per  cent.    The  production  was  distributed  as  follows: 


1008. 

1904. 

Thonaand. 

Yalne. 

TliouMnd. 

Yslne. 

Common  brick.... 

Front  brick 

Paving  brick 

Ornamental  brick 

Fire  brick 

Drain   tile 

Sewer  pipe , 

Hollow  block 

Railway  ballait... 

Pottery 

Miscellaneons 


Total 


194.872 

7.381 

20.688 


I  1.396.088 
83.306 
221.481 
1.200 
975 
1.009.933 
88.000 
131.191 
12.000 
55.762 
33,651 


$  3.033  583 


207,750 

8.330 

15,925 


20 


$    1.430.581 

101.358 

199. S28 

972 

300 

1.321,745 

94,800 

164.658 

100.000 

66.050 

7,184 


I    3,507.576 


The  price  of  common  brick  shows  a  slight  falling  ofE  while 
pavers  and  front  brick  show  a  marked  increase.  The  average 
prices  for  the  principal  grades  of  brick  are  given  below  for  the 
two  years: 
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Whole  United 
States. 


1008. 


CommoQ   brick 

$      7  08 
10.60 
10.62 

$      6.89 
12  17 
12  53 

$    5  97 

Front  brick 

Pavinc  brick     .... 

12.45 
9  86 

The  distribution  of  clay  products  by  counties,  showing  the 
common  brick  and  total  brick  in  thousands,  the  value  of  com- 
mon brick  and  of  total  brick,  value  of  drain  tile  and  total  value 
of  clay  products  are  shown  in  table  No.  III. 


TABLE  No.  III. 


OLAY  PBODUOTION  BY  OOUNTIBS  FOB  1904. 


C0T7KTISS. 


2; 


COMMON  BRICK. 


Qcuuitlty 

In 
Thoiuands 


Value. 


TOTAL  BBIOK. 


Quantity 

in 
Thousands 


Value. 


DB4IN 
TILB. 


Value. 


TOTAL 
YALUB. 


Adair 

Adams 

Appanoose 

Audubon 

Benton     

Black  Hawk 

Boone 

Bremer  

Buena  Vista 

Butler 

Oalhoun 

Carroll 

Cass 

Cerro Gordo 

Cherokee        

Clark 

Clay 

Clayton 

Clinton 

Crawford 

Dallas 

Davis 

Cedar    

Decatur 

Des  Moines       

Delaware 

Dubuque  

Emmet 

Fayette 

Floyd 

Fremont 

Greene 

Grundy  

Guthrie     

Hamilton 

Hancock 

Hardin 

Harrison . . . . 

Henry 

Howard  

Humboldt 

Ida 

Iowa    


8 
6 
2 
1 
6 
2 
6 
1 
8 
1 
0 
1 
4 
8 
1 
1 
2 
6 
4 
2 
11 
I 
2 
4 
8 
8 
4 
1 
4 
1 
6 
1 
1 
8 
2 
1 
ft 
6 
6 
1 
1 
1 
5 


1,100 
1.680 
8,147 


1.885 
8,310 
8,390 


106 
871 


2.020 
2.888 


450 
2,093 
2,600 
1,760 
2,627 

453 
900 

2,821 
800 

6,350 

1,751 
2,060 


503 
1.185 


1,128 
2,280 


2,900 


9.000 
12,660 
16.477 


10.450 
14,753 
23,5^1 

1,220* 


6,000 

'16,100 
15,184 


8,800 
11,812 
16, 176 
12,560 
20,064 


8.768 
6,800 

22.435 
5,600 

43.700 


11.829 
'13,866' 


8,693 
8.950 


9,760 

16,260 

6.306 


19,680 


1,100 
1,680 
2,147 


1.365 
8.340 
6,983 


165 


871 


9,000 
12,660 
16,477 


10,450 
14,753 
55,879 


1,820 


2,020 
2,388 


450 
2,248 
2,600 
1.750 
8,043 


463 
9U0 

3,666 
800 

6.850 


1,851 
'8,*i76 


608 
1.185 


1.267 

2.280 

829 


2.990 


6.900 

16.100 
16, 184 


4.186 
1,718 


18,975 
'80,931 


15.928 
'i9,'256" 


3.300 
12,612 
16. 175 
12,560 
24.207 


3,768 
6.800 

80.200 
5.600 

43.700 


12,529 
*i4,*666 


3.693 
8,950 


12.076 

16.260 

6.805 


19.580 


825 
286.285 


40.000 

782 

4,160 

i04,765 


10,424 

325 

5,100 

1,400 


1,660 


18,278 
38,200 


48.018 


>  •  •  •  •  * 


16,800 


$  18,886 
14,878 
16.47T 


24,426 
14.758 
78,996 


17.148 
'86.936 


116,985 
874,819 


43,600 
13,294 
20,825 
12.660 
181,047 


14.192 
16.685 
85,800 
18.000 
43.700 


16,680 
■i4."766 


82.176 
47,850 


60,284 
16,860 
80,619 


85.780 


CLAY   PRODUCTION. 
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TABLE  No.  III.— Continued. 

CLAY  PRODUCTION  BY  OOUNTIBd  I^R  1004. 


COUNTIES. 


Number  of 
producers. 

OOMMOH  BBIOK. 

TOTAL  BRICK. 

DRAIN 
TlUt. 

Qoaatity 

In 
rhouaandfl 

Value. 

Quantity 

in 
Thouiiandtf 

Value. 

Value. 

TOTAL 
VALITB. 


Jackson 

Jasper 

Jefferson 

Johnson    

Jones 

Kossuth 

Keokuk '..... 

Lee 

Linn 

Louisa 

Madison 

Mahaska 

Marion    

Marshall 

Mills 

Monona 

Montgomery 

Muscatine 

Page 

Plymouth 

Pocahontas 

Polk 

Pottawattamie 

Poweshiek 

Ringgold. 

Sac.... 

SfCOt  b  ..a...         >••.•  ■     .••■■ 

o Qei oy ....  ••    .  •••■*■  •». 

Slouz 

Story 

Tama 

Taylor 

Union 

VanBuren 

Wapello 

Washington 

Warne 

Winneshiek  

Woodbury    

Wrisrht 

Single  producers  

Totals 


1 
7 
8 
8 
2 
1 
8 
4 
8 
3 
1 
1 
6 
4 

10 
4 
I 
8 

10 
6 
2 
2 

22 
7 
8 
2 
2 
5 
1 
3 
8 
7 
8 
2 
8 
8 
6 
6 
9 
2 
0 
5 

21 


asi 


l.fifiO 
887 

5,105 
560 


956 
1.805 
8.908 

551 


8.406 
1,000 
8.946 
1,600 


4,9:i8 

4.2^6 

4,129 

1,150 

550 

26.110 

10,079 

730 

675 

160 

8,116 


1.830 

275 
5,898 

740 
2,195 

550 
6,502 
1,507 
1,606 
10,  IS'J 
1,200 
85,365 

985 
6,817 


207. 7W 


11.650 
7,099 

84.660 
4.160 


7,688 

7,880 

28.104 

8.8S1 


24.061 

7,175 

24,400 

11,600 


89.048 

26.272 

29.900 

7,000 

8,960 

194, 194 

78,402 

6,015 

5,260 

i;i80 

21.660 


18.028 

2.200 
41,284 

5.550 
10.865 

8,460 
41,819 
11,280 
11,970 
64,770 

8.000 
239.812 

8.765 
49.828 


1,650 
837 

5,105 
660 


956 
1,865 
8,968 

654 


5,496 
1  000 
4.196 
1,500 


4.958 

4,285 

4.129 

1,150 

560 

40,808 

10.979 

730 

678 

160 

8.616 


1,880 

559 
8,621 

740 
2,105 

650 
0,502 
1.597 
1.695 
11,236 
1,200 
86.831 

035 
6,847 


I  1.4V)  .5S1 


2S2,0a'i 


11,550 
7,099 

84.660 
4,150 


7.688 

7,880 

28,104 

8.881 


47.080 

7.176 

26.660 

11.600 


89.848 

28.272 

29.900 

7.900 

8.950 

360.116 

78.492 

6.015 

5.250 

1.180 

21.660 


18.028 

4.900 
68.297 

6,660 
16.866 

8.460 
41.819 
11.230 
11.  WO 
78,930 

8.000 
214.094 

8.7«5 
49.828 


S  1,782,689 


9,500 
27,918 
11,060 

4.800 


29,994 


11.126 
4,600 


16,030 
18,800 
23,062 


8,079 

"w.'ooo* 


73,860 

181,867 

960 

9,5i9 

1,600 


8,600 


17.406 

29.975 

1.800 

8.975 


17,868 
14.808 


112,874 


16.450 
66.900 
41.811 


S  l.8n.74S 


21,050 

86,017 

45,710 

8,060 


87,682 
7.880 

89,229 
8,881 


66,060 
20.876 
60,802 
11.600 


47,827 

82,866 

48,900 

7,900 

77.800 

648.858 

74.452 

15,788 

6,760 

1.180 

81,660 


18.028 
22,806 
08,242 

7,850 
21.756 

8.460 

63.222 

26.038 

11.970 

254.030 

8,0X) 

298,862 

74.666 

92.199 


13.507  576 


According  to  the  United  States  Geological  Survey, 
Iowa  ranked  eighth  in  production  of  clay  products  for  1903, 
producing  2.88  per  cent  of  the  entire  output  of  the  country;  she 
ranked  eighth  in  the  manufacture  of  paving  brick,  third  in 
building  block,  being  exceeded  by  Ohio  and  Indiana,  and  second 
in  drain  tile,  surpassed  by  Ohio  alone.  For  the  year  1904  Iowa 
probably  heads  the  list  of  drain  tile  producers.  The  ten  leading 
clay  producers  for  1903  were  as  follows. 


26 


MINERAL   PRODUCTION   IN  IOWA. 


RAVK 

STATB. 

BrumiaBov 
PBoouoiva 
TiRifs    as- 
poBTnro. 

OOMMOW 
BBIOK 

pAvnio 
BBioa 

DRAIV  TILB 

TOTAL  OLAT 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

Ohio 

Pennsylvania 
New  Jersey . . 

Illinois   

New  York.. 

Indiana 

Missouri 

Iowa 

California . . . 
West  Virgfinia 

815 
523 
159 
502 
242 
490 
242 
304 
105 
56 

$  3.002.506 

6.174.437 
1,500,295 
5.388,589 
5.305,522 
1.697,190 
1.725,253 
1,355.129 
1.600.882 
576.404 

$  1,860,071 
685,274 
22,195 
1,015,710 
220.296 
482.967 
307.237 
232,510 

** 576. 258' 

$    1,149,990 

11,451 

20,825 

892,807 

140,181 

1,014,706 

45.363 

1.028,383 

17,994 

1.499 

$25,208,124 

18.847,324 

13.416.939 

11.190.797 

9,208,252 

5,694.625 

5,661,607 

3.093,403 

2.831.543 

2.558.560 

The  production  of  clay  products  shows  a  satisfactory  growth 
during  the  past  five  years.  The  leading  products  showing  such 
growth  are  given  in  the  table  herewith. 


TBAB. 


OOmfOR  BBIOK. 


TOTAL  BBIOK 


DBAm   TIUB. 


TOTALk 


1900 

1901 
1902 
1903 
1904 


1,386.641 
1,611.040 
1.575.959 
1.396.088 
1.430.581 


$  1,621,604 
1,944.351 
1,891,366 
1,703,050 
1.732.719 


377.586 

534,935 

672,212 

1,009,933 

1.321.745 


$31,339 
26,200 
43,387 
55,762 
66.050 


$2,291,251 
2,737.825 
2.843,336 
3,033,583 
3.507.576 


Up  to  1904  the  substitutes  for  brick,  sand-lime  brick  and 
cement  block,  do  not  appear  to  have  seriously  affected  the 
demand  for  common  building  brick. 
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Ston€| 

The  stone]  industry  for  1904  shows  a  decline  as  compared 
with  the  preceding  year.  The  greatest  shrinkages  appear  in 
the  production  ofQbuilding  stone  and  lime.  The  amount  of 
crushed  stonejproduced  shows  a  satisfactory  increase.  Up-to- 
date  crushing  plants  were  established  during  the  year  at  a 
number  of  points,  and  an  increased  production  in  this  line  may 
be  expecteafor  1905.  The  production  for  1904  was  distributed 
as  follows: 

LXMXlTOra  I7BSD  TOB :  YALUS  1904.     YAXtUS  1908. 

Building  purposes $162,577'        $204,769 

Flagging  and  curbing 8,970  13.793 

Lime 91,008  113.195 

Crushed  stone 

Road  making 53,082  63,637 

Railway  balUst 5.549  12,243 

Concrete 97,274  68.763 

Rubblcand  riprap 113,568  102.403 

Miscellaneous 1,565  2.158 

Sandstone 8,575  17,008 


Total  stone $542,168         $597,965 

Imported  limes  and  greatly  cheapened  Portland  cement  are 
the  chief  contributory  causes  for  the  falling  off  in  the  produc- 
tion of  domestic  limes.  Table  No.  IV  gives  the  production  of 
limestone  by  counties  and  specifies  the  various  grades  of  stone 
put  upon  the  market. 
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MIUBBAL   PBODUOTIOK   IN  IOWA. 


Fourteen  counties  with  twenty-six  producers  report  sandstone 
but  the  total  production  was  insignificant,  amounting  to  $8,575, 
and  used  mainly  for  building  purposes  and  as  rubble.  Jones 
county  still  leads  in  the  production  of  stone  while  Jackson  is 
the  ranking  producer  for  lime.  The  table  below  shows  the 
status  of  the  stone  industry  for  Iowa  during  the  past  six 
years: 


BUILDIHO. 


LTMB. 


OBUBHSD 
BTOHB. 


BTniBIJiAHD 


BAUD- 
■TOBB. 


TOTAL 
STORB. 


1899 

1900 
1901 
1902 
1903 
1904 


$312,595 
248.833 
272,501 
195.009 
204,769 
162.577 


$102,611 
110,589 
221,760 
114.051 
113.195 
91.008 


158,917 
153  920 
183.902 
153.372 
144.643 
153.372 


139.064 

$  24,348 

58,493 

19.063 

85,342 

14,341 

176  927 

15,061 

102,403 

17,008 

113.568 

8,575 

809,924 
605.473 
791.827 
665,048 
697.965 
542.165 


Gypsum. 

The  gypsum  production  for  1904  shows  a  considerable  shrink- 
age in  gross  tonnage  and  total  value.  The  gross  output  of 
crude  gypsum  for  the  year  was  reported  to  be  145,359;  was 
valued  at  $92,033,  or  a  falling  off  of  about  15  per  cent.  In  the 
table  below  is  given  the|distribution  of  the  product  as  compared 
with  1903: 


i90S. 

1904. 

TONS. 

VALUB. 

TORB. 

YALUB. 

Wall  or  cement  plaster. 

Plaster  of  Paris 

Land  plaster 

Crude  gypsum 

Total 


87,397 

30,306 

2,098 

703 

$411,503 

100,744 

9,227 

1.534 

94,811 

19.540 

933 

2.013 

120,504 

$523,008 

117.297 

$  399,281 

64,112 

1,816 

4.223 

S  469,432 
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Lead  and  Zinc. 

As  during  the  preceding  year,  no  zinc  ore  prodaced  in  Iowa 
was  marketed.  A  small  quantity  of  ''dry  bone"  was  produced, 
incidental  to  development  work,  but  was  not  put  upon  the 
market. 

The  production  of  lead  for  1904  shows  a  decline  notwithstand- 
ing the  earlier  reports  to  the  contrary.  The  local  smelter 
purchased  the  entire  output  of  the  state  which  was  confined 
to  Dubuque  county.  The  production  for  the  year  was  about 
97,000  pounds  valued  at  $2,619. 


Sand-Lime  Briok. 

The  sand-lime  brick  industry  is  of  recept  growth  in  this 
country.  The  first  plant  was  built  at  Michigan  City,  Indiana, 
early  in  1901  and  put  in  operation  during  that  year.  In  1902  there 
were  twenty  plants  in  existence  and  according  to  the  United 
States  Geological  Survey  6,000,000  brick  were  actually  sold 
during  that  year.  In  1903  it  is  estimated  that  seventy  plants 
were  in  operation  in  twenty-nine  states,  with  an  output  of 
20,000,000  brick.  One  plant  only  was  credited  to  Iowa,  the 
Iowa  Granite  Brick  Company  at  Clinton.  A  second,  plant  was 
installed  and  put  in  operation  at  Cedar  Rapids  during  1904. 
The  total  sales  for  1904  were  as  follows: 

Brick,  1,962,000,  amountiii,^  to  $13,907. 


Iron, 


No  iron  produced  iu  Iowa  was  marketed  during  1904.  The 
mine  in  the  vicinity  of  Waukon,  in'AUamakee  county,  is  still 
without  transportatiou  which  would  warrant  its  operation. 
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Cement  Block  Industry. 

The  manufacture '  of  cement  block,  as  in  the  case  of  the 
manufacture  of  sand-lime  brick,  is  a  new  industry  for  the  state. 
The  statistics  obtained  are  very  imperfect  owing  to  the  newness 
of  the  industry  and  the  diflBculty  of  securing  complete  returns. 
Thirty-eight  factories  reported  sales  for  1904.  Many  additional 
factories  were  installed  during  the  year  but  opened  too  late  in 
the  season  to  put  their  product  upon  the  market.  It  is  believed 
that  the  report  for  1905  will  show  the  number  of  producing 
plants  to  more  than  double,  and  the  output  quadruple.  The 
returns  received  for  1904  are  given  below. 

Cement  block,  square  feet  in  wall 442,343  $83,701 

Caps  and  sills,  linear  feet 9.223  3,068 

Flue  linins:s,  linear  feet 865  174 

Cement  posts 762  188 

Sand-cement  brick 42,000  400 

Porcb  piers 400  100 

Total $87 ,  631 
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INTBODUOTION. 

BY  H.  POSTER  BAIN. 

Cement  is  now  one  of  the  most  important  mineral  resources 
of  the  United  States.  In  the  value  of  the  annual  output  it  ranks 
thirteenth.  It  is  about  equal  to  the  zinc  production  if  the  latter 
be  estimated  at  New  York  prices.  The  rapid  increase  in  use, 
and  growth  of  local  production  of  cement  in  the  last  ten  years 
have  been  among  the  most  striking  features  of  the  American 
mineral  industry.  The  following  tables  from  the  mineral 
resources  for  1902,  as  prepared  by  L.  L.  Kimball  of  the  United 
States  Geological  Survey,  will  give  some  idea  of  the  present  ex- 
tent of  the  industry. 

PBODUOTION  OF  OBMBNT  IN  THB  UNITED  8TATB8. 

The  total  production  of  hydraulic  cement  in  the  United 
States  for  1902  was  25,753,504  barrels,  an  increase  of  5,684,767 
barrels  over  the  quantity  produced  during  the  preceding  year. 
The  value  of  this  production  was  $25,366,380. 

Of  the  entire  quantity,  17,230,644  barrels  were  Portland, 
valued  at  $20,864,078;  8,044,305  barrels  were  natural-rock,  valued 
^t  $4,076,630,  and  478,555  barrels  were  Pozzuolana  or  slag 
cement,  valued  at  $425,672. 

The  growth  of  the  cement  industry  is  indicated  by  the  fact 
that,  although  the  increase  in  production  for  1901  over  1900 
reached  the  large  number  of  2,837,587  barrels,  the  increase  in 
production  for  1902  over  1901  was  5,684,767  barrels.  It  is  of 
interest  here  to  note  that  in  1892,  just  ten  years  ago,  the  entire 
production  of  eement  in  the  United  States  was  but  8,758,621 
barrels,  of  which  8,211,181  barrels  were  natural-rock  and  547,440 
barrels  were  Portland. 

Pennsylvania  holds  leading  place  as  a  producer  of  Portland 
cement,  while  New  Jersey  follows  in  second  place.  The 
counties  of  Lehigh  and  Northampton,  Pennsylvania,  formerly 
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included  all  the  factories  producing  Portland  cement  in  the 
state;  now,  although  they  are  still  the  center  of  that  industry, 
there  are  five  plants  in  other  counties,  none  of  them,  however, 
ranking  at  present  among  the  very  large  producers.  Under  all 
other  sections  is  included  the  production  of  Alabama,  California, 
Colorado,  Georgia,  Illinois,  Indiana,  Kansas,  Missouri,  South 
Dakota,  Texas,  Utah  and  Virginia. 

RELATION  OF  DOMB8TIO  PRODUCTION  AND  CONSUMPTION  TO  IMPORTS. 

The  increase,  both  in  the  use  and  in  the  production  of  Port- 
land cement  in  the  United  States  within  the  last  thirteen  years, 
as  compared  with  natural-rock  cement  and  with  imported  ce- 
ment, is  shown  in  the  following  table: 


Comparative  production  of  Portland  and  of  wUuralrToek  cement  in  the  l/ntted  Staiee  and  of 

imports  of  hydraulic  oemeni,  1890—1909, 


NKtnral 
cement. 


Portland 
cement. 


Total  of 

natural 

and  Port' 

landoe* 

ment. 


Imports. 


1800 
1883 
1805 
1897 
1800 
1000 
1001 
1002 


BarreU. 

BarreU. 

Barrel*, 

7.062,204 

886,500 

7,417.704 

7,411,816 

600,152 

8.002,467 

7,741,0T7 

000,824 

8,781.401 

8.811,888 

2,877,776 

10,080,468 

0.868,170 

6.662.266 

16.520.445 

8.888,510 

8,482.020 

16,866,680 

7.084,828 

12.711,226 

10,706.048 

8.044,805 

17.280,644 

25,274.040 

Barrele. 
1,040,186 
2,074,140 
8,007,805 
2.000.024 
2,106,888 
2,886,688 
880.880 
1.061.018 


This  table  does  not  include  the  production  of  Pozzuolana  or 
slag  cement  reported  by  this  bureau  for  the  last  three  years, 
which  is  as  follows:  1900,  365,611  barrels;  1901,  272,689  barrels; 
1902,  478,555  barrels. 

Following  is  a  diagram  showing  the  growth  of  the  domestic 
production  of  Portland  cement,  the  increase  of  total  consump- 
tion of  Portland  cement,  and  the  decline  of  the  imports  of 
foreign  hydraulic  cements  during  the  last  thirteen  years. 


DIAORAH. 
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1890.    1891.    1892.    1898.   1894.    1895.    189G.    1897.    1808.    1899.    1900.    1901.    1902. 

Barrets. 
19.500,000 

19,000.000 

18.600.000 

18.000.000 

17,500.000 

17,000.000 

16,900.000 

16,000.000 

16.600,000 

16.000.000 

14,500.000 

14,000.000 

18.600.000 

18,000,000 

12.500.000 

12,000.000 

11,600,000 

11.000.000 

10.800.000 

10.000.000 

9,800.000 

9,000,000 

8.600.000 

8,000,000 

7,100.000 

7,000,000 

«,  600. 000 

6,000.000 

6,500,000 

6.000,000 

4.600.000 

4,000.000 

3.600,000 

8,000,000 

2,500^000 

2.000.000 

1,600.000 

1,000,000 

600,000 

0 

PiiATi  2.— Diagram  showing  the  relation  of  domestio  prodnotion  of  Portland'cement  to  imports 
and  to  total  oonsumption  of  Portland  cement  in  the  United  States,  by  years  and  bj  barrels, 
from  18B0  to  1908.  inclosive. 


/ 

■c 

1 

/ 



I 

/ 

/ 

// 

// 

// 

// 

/ 

I 

n 

\ 

// 

// 

■ 

/ 

/ 

/ 

/ 

/ 

/ 

4 

/ 

/ 

/  / 

* 

jf/ 

r  / 

M 

• 

*7 
Sf 

J^. 

> 

w 

/ 

^^.^ 

/ 

/ 

y 

/ 

./! 

y 

& 

f 

\ 

jg 

// 

\, 

^ 

^^; 

j' 

/ 

^ 

\t^ 

{S-^ 

V 

^ 

f 

\ 

/ 

sr 

\ 

/ 

— ^ 

^ 

40  OBMENT   MATERIALS   OF   IOWA. 

USES  OF  CEMENT. 

The  increased  use  of  Portland  cement  has  quite  kept  pace 
with  its  larger  production.  It  is  constantly  being  used  in  new 
situations,  as  well  as  being  substituted  for  cementing  materials. 
It  is  now  very  largely  used  in  the  place  of  liine  or  other 
mortars  in  ordinary  wall  construction.  Immense  quantities 
are  used  in  concrete  work  for  foundations  of  all  kinds  and, 
lately,  for  concrete,  and  steel  and  concrete  construction  of 
walls.  It  is  made  up  into  artificial  building  blocks  and  is  being 
used  experimentally  for  fence  posts  and  railway  ties.  In  the 
western  states  the  railways  afford  the  largest  market,  since 
culverts  and  bridge  abutments  of  all  kinds  are  now  largely 
made  of  it.     It  has  many  minor  and  novel  uses. 

SCOPE  OP  THIS  REPORT. 

The  present  report  is  the  outgrowth  of  work  taken  up  by 
the  writer  in  1899  and  1900  while  serving  as  Assistant  State 
Geologist  of  Iowa.  At  that  time  material  was  collected  from 
the  most  promising  localities  and  a  series  of  analyses  and  tests 
were  undertaken  by  Mr.  A.  E.  Lundteigen,  who  was  at  that 
time  connected  with  the  Western  Portland  Cement  Company, 
and  later  with  the  Peerless  Portland  Cement  Company.  Mr. 
Lundteigen 's  results,  a  portion  of  which  are  herewith  pub- 
lished, were  most  encouraging,  but  the  series  was  not  completed, 
and,  pending  their  completion,  it  was  thought  better  to  make 
no  publication. 

In  1903  Mr.  E.  C.  Eckel,  of  the  United  States  Geological  Sur- 
vey, undertook  the  preparation  for  that  organization  of  a 
special  report  uppn  the  cement  materials  of  the  United  States, 
and  it  was  decided  that  so  far  as  relates  to  Iowa  the  work 
should  be  done  in  co-operation  between  the  Federal  and  the 
State  Survey.  The  present  report  is  the  result.  In  this  Mr. 
Eckel  discusses  the  general  nature  of  the  materials  and  pro- 
cesses employed  in  the  manufacture  of  Portland  cement,  and 
the  writer  gives  a  brief  discussion  of  the  materials  available  in 
Iowa.  For  details  as  to  local  geology  the  reader  is  referred  to 
the  various  county  reports  already  published,  and  for  data 
regarding  limes  and  natural  cement  rock,  he  is  referred  to  the 
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same  source.  The  attempt  has  been  made  to  indicate  somewhat 
generally  the  distribution  of  the  materials  available,  and 
specifically  the  nature  of  these  materials.  In  order  that 
intending  manufacturers  may  have  as  full  a  comprehension  of 
the  cement  industry  as  possible,  Mr.  Eckel  has  discussed  not  only 
materials  available  in  Iowa,  but  those  which  may  be  used  in 
competition  with  any  local  plant. 


THE    MATERIALS    AND    MANUFACTURE    OF    PORT- 
LAND  CEMENT.* 

BY  EDWIN  C.  ECKEL. 

The  Relation  of  Portland  to  Other  Cements, 

It  seems  desirable,  before  taking  up  the  specific  subject  of  Port- 
land cement,  to  indicate  the  relationships  existing  between 
Portland  and  other  cementing  materials.  These  relationships, 
both  as  regards  resemblances  and  differences,  seem  to  be  best 
brought  out  by  the  classification  presented  below.  This  group- 
ing is  based  primarily  upon  the  amount  of  chemical  change 
caused  by  the  processes  of  manufacture  and  use;  and  secondarily 
upon  the  chemical  composition  of  the  cement  after  setting.  As 
regard  is  paid  to  both  technologic  and  commercial  considera- 
tions, it  would  seem  to  be  a  fairly  satisfactory  working  classifi- 
cation. 

QROUP  I.    BIMPLB20BMBKT8. 

Simple  Cements  include  all  those  cementing  materials  pro- 
duced by  the  expulsion  of  a  liquid  or  gas  from  the  raw  material; 
and  whose  setting  properties  are  due  to  the  simple  reabsorption 
of  the  same  liquid  or  gas  and  the  reassumption  of  the  original 
composition;  the  set  cement  being  therefore  similar  in  compo- 
sition to  the  raw  material. 

Note.— The  paper  on  the  raw  materlali  and  methods  of  manufacture  of  Portland 
cement  has  been  prepared  as  the  result  of  Held  work  aol  other  investlKatloas  carried  on  by  the 
writer  for  the  United  States  Qeologioal  Survey.  Certain  sections  of  the  contribution  have 
appeared,  in  slightly  dliferent  form,  in  * 'Municipal  Engineering"  during  the  past  two  years. 

«  Pabliahed  by  permission  d  the  Director,  U.  8.  Oeological  Surrey. 
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Stih'-grQiip  la.  Hydrate  Cements;  setting  properties  due  to 
reabsorption  of  water. 

Sub-group  I  k  Carbonate  Cements ;  setting  properties  due  to 
reabsorption  of  carbon  dioxide. 

QROUP  IL    COMPLEX  CEMENTS. 

Complex  cements  include  all  those  cementing  materials 
whose  setting  properties  are  due  to  the  action  of  entirely  new 
chemical  compounds  which  were  formed  during  manufacture  or 
use;  the  set  cement  being  therefore  different  in  composition 
from  the  raw  material. 

Sub-group  II  a.  Silicate  Cements;  setting  properties  due 
largely  to  the  formation  of  silicates. 

Sub-group  II  b.  Oxychloride  Cements;  setting  properties  due 
to  the  formation  of  oxychlorides. 

GROUP  I.     SIMPLE  CEMENTS. 

The  cementing  materials  included  in  the  present  group  are 
those  known  commercially  as  "plasters,"  "hard -finishing 
cements"  and  "limes." 

The  material  from  which  the  "plasters"  and  "hard -finishing 
cements"  are  derived  is  gypsum,  a  hydrous  calcium  sulphate; 
while  the  limes  are  derived  from  limestone,  which  is  essentially 
calcium  carbonate,  though  usually  accompanied  by  greater  or 
less  amounts  of  magnesium  carbonate. 

On  heating  gypsum  to  a  certain  temperature,  the  raw  mate- 
rial parts  readily  with  much  of  its  water,  leaving  an  almost 
anhydrous  calcium  sulphate,  known  commercially  as  plaster  of 
Paris.  On  exposing  this  plaster  to  water,  it  re-hydrates,  and 
again  takes  the  composition  of  the  gypsum  from  which  it  was 
derived. 

In  like  manner  limestone,  on  being  suflBciently  heated,  gives 
off  its  carbon  dioxide,  leaving  calcium  oxide  or  "quicklime." 
This,  on  exposure  to  moisture  and  air  carrying  carbon  dioxide, 
reabsorbs  carbon  dioxide  and  reassumes  its  original  composi- 
tion, calcium  carbonate. 

The  cementing  materials  included  in  this  group,  therefore, 
while  differing  in  composition  and  properties,  agree  in  certain 
important  points.     They  are  all   manufactured  by  heating  a 


HYDRATE   CEMENTS.  43 

natural  raw  material  suflBciently  to  remove  much  or  all  of  its 
water  or  carbon  dioxide;  and,  in  all,  the  setting  properties  of 
the  cementing  material  are  due  to  the  fact  that,  on  exposure  to 
the  water  or  carbon  dioxide  which  has  thus  been  driven  off,  the 
cement  reabsorbs  the  previously  expelled  liquid  or  gas,  and  re- 
assumes  the  chemical  composition  of  the  raw  material  from 
which  it  was  derived. 

Plaster  of  Paris,  after  setting,  is  not  chemically  different  from 
the  gypsum  from  which  it  was  derived;  while  if  the  sand,  added 
to  avoid  shrinkage,  be  disregarded,  hardened  lime  mortar  is 
nothing  more  or  less  than  an  artificial  limestone. 

8UB-GR0tJP  I  a.    HTDRA.TE  CBMENTfl. 

The  materials  here  included  are  known  in  commerce  as^'plaster 
of  Paris,"  "Cement  plaster,"  "Keene's  cement,"  "Parian  cement," 
etc.  All  of  these  hydrate  cements  are  based  upon  one  raw 
material,  gypsum.  The  partial  dehydration  of  pure  gypsum  pro- 
duces plaster  of  Paris.  By  the  addition  to  gypsum,  either  by 
nature  or  during  manufacture,  of  relatively  small  amounts  of 
other  materials;  or  by  slight  variations  in  the  processes  of  man- 
ufacture, the  time  of  setting,  hardness,  and  other  important 
technical  properties  of  the  resulting  plaster  can  be  changed  to  a 
sufficient  degree  to  warrant  separate  naming  and  descriptions 
of  the  products. 

Both  the  technology  and  the  chemistry  of  the  pro- 
cesses involved  in  the  manufacture  of  the  hydrate  cements 
are  simple.  The  mineral  gypsum,  when  pure,  is  a  hy- 
drous sulphate  of  lime,  of  the  formula  CaSOi,  2H2O,  corres- 
ponding to  the  composition  calcium  sulphate  79.1  per  cent, 
water  20.9  per  cent.  As  noted  later  (under  the  head  of  Cement 
Plasters)  gypsum,  as  mined,  rarely  even  approximates  to  this 
ideal  composition,  its  impurities  often  amounting  to  25  per 
cent  or  even  more.  These  impurities,  chiefly  clayey  materials 
and  f ragmentsjof  quartz  and  limestone,  often  exercise  an  ap- 
preciable effectjupon  the  properties  of  the  plaster  resulting 
from  burning  such  impure  gypsum. 
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SUB-GROUP  I  b.    OABBONATB  GSMBirTS. 


The  cementing  naaterials  falling  in  the  present  sub-group  are 
oxides,  derived  from  natural  carbonates  by  the  application  of 
heat.  On  exposure,  under  proper  conditions,  to  any  source  of 
carbon  dioxide,  the  cementing  material  recarbonates  and 
"sets.''  In  practice  the  carbon  dioxide  required  for  setting  is  ob- 
tained simply  by  exposure  of  the  mortar  to  the  air.  In  conse- 
quence the  set  of  these  carbonate  cements,  as  commonly  used, 
is  very  slow  (owing  to  the  small  amount  of  carbon  dioxide 
which  can  be  taken  up  from  ordinary  air);  and,  what  is  more 
important  from  an  engineering  point  of  view,  none  of  the  mor- 
tar in  the  interior  of  a  wall  ever  acquires  hardness,  as  only  the 
exposed  portions  have  an  opportunity  to  absorb  carbon  dioxide. 
From  the  examination  of  old  mortars  it  has  been  thought  prob- 
able that  a  certain  amount  of  chemical  action  takes  place  be- 
tween the  sand  and  the  lime,  resulting  in  the  formation  of  lime 
silicates;  but  this  effect  is  slight  and  of  little  engineering  im- 
portance compared  with  the  hardening  which  occurs  in  con- 
sequence of  the  reabsorption  of  carbon  dioxide  from  the  air. 

Limestone  is  the  natural  raw  material  whose  calcination 
furnishes  the  cementing  materials  of  this  group.  If  the  lime- 
stone be  an  almost  pure  calcium  carbonate  it  will,  on  calcina- 
tion, yield  calcium  oxide  or  "quicklime."  If,  however,  the 
limestone  should  contain  any  appreciable  percentage  of  mag- 
nesium carbonate,  the  product  will  be  a  mixture  of  the  oxides 
of  calcium  and  magnesium,  commercially  known  as  magnesian 
lime.  A  brief  sketch  of  the  mineralogic  relationships  of  the 
various  kinds  of  limestone,  in  connection  with  the  chemistry  of 
lime  burning  will  be  of  service  at  this  point  of  the  discussion. 

Pure  limestone  has  the  composition  of  the  mineral  calcite, 
whose  formula  is  (CaCOa ),  corresponding  to  the  composition 
calcium  oxide  56  per  cent;  carbon  dioxide,  44  per  cent.  In  the 
magnesian  limestones  part  of  this  calcium  carbonate  is  replaced 
by  magnesium  carbonate,  the  resulting  rock  therefore  having 
a  formula  of  the  type  (x  Ua  CO3 ),  (y  Mg  COs ).  This  replacement 
may  reach  the  point  at  which  the  rock  has  the  composition  of  the 
mineral  dolomite,  an  equal  mixture  of  the  two  carbonates,  with 
the  formula(Ca  COa),(Mg  CO3  ),correspondin,g  to  the  composi- 
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tion  calcium  oxide,  30.44  per  cent;  magnesiam  oxide,  21.74  per 
cent;  carbon  dioxide,  44^2  per  cent.  Limestones  may ,  therefore, 
occur  with  any  intermediate  amount  of  magnesium  carbonate, 
and  the  lime  which  they  produce  on  calcination  will  carry 
corresponding  percentages  of  magnesium  oxide,  from 0  percent 
to  21.74  per  cent.  Commercially  those  limes  which  carry  less 
than  10  per  cent  of  magnesium  oxide  are,for  building  purposes, 
marketable  as  ''  pure  limes  ",  while  those  carrying  more  -  than 
that  percentage  will  show  suflBciently  different  properties  to 
necessitate  being  marketed  as  ''  magnesian  limes." 

Aside  from  the  question  of  magnesia,  a  limestone  may  con- 
tain a  greater  or  lesser  amount  of  impurities.  Of  these  the  most 
important  are  silica  (SiOz  ),  alumina  (Ale Os)  and  iron  oxide 
(Fei  Oa ).  These  impurities,  if  present  in  suflBcient  quantity, 
will  materially  affect  the  properties  of  the  lime  produced,  as 
will  be  noted  later  under  the  heads  of  Hydraulic  Limes  and 
Natural  Cements. 

The  carbonate  cements  may  be  divided  into  two  classes— 

(1)  High  calcium  limes; 

(2)  Magnesian  limes. 

High  Calcium  Limes, — On  heating  a  relatively  pure  carbonate 
of  lime  to  a  sufficiently  high  degree,  its  carbon  dioxide  is  driven 
off,  leaving  calcium  oxide  (CaO)  or  "quicklime."  Under 
ordinary  conditions,  the  expulsion  of  the  carbon  dioxide  is  not 
perfectly  effected  until  a  temperature  of  925^  C.  is  reached. 
The  process  is  greatly  facilitated  by  blowing  air  through  the 
kiln,  or  by  the  injection  of  steam.  On  treating  quicklime  with 
water,  "slaking"  occurs,  heat  being  given  off,  and  the  hydrated 
calcium  oxide  (CaHa  O2 )  being  formed.  The  hydrated  oxide  will, 
upon  exposure  to  the  atmosphere,  slowly  reabsorb  sufficient 
carbon  dioxide  to  reassume  its  original  composition  as  lime 
carbonate.  As  this  reabsorption  can  take  place  only  at  points 
where  the  mortar  is  exposed  to  the  air,  the  material  in  the  mid- 
dle of  thick  walls  never  becomes  recarbonated.  In  order  to 
counteract  the  shrinkage  which  would  otherwise  take  place 
during  the  drying  of  the  mortar,  sand  is  invariably  added  in  the 
preparation  of  lime  mortars,  and  as  noted  above,  it  is  probable 
that  certain  reactions  take  place  between  the  lime  and  the 
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sand.  Such  reactions,,  however,  though  possibly  contributing 
somewhat  to  the  hardness  of  old  mortars,  are  only  incidental 
and  subsidiary  to  the  principal  cause  of  setting,  recarbonation. 
The  presence  of  impurities  in  the  original  limestone  affects  the 
character  and  value  of  the  lime  produced.  Of  these  impurities, 
the  presence  of  silica  and  alumina  in  sufficient  quantities  will 
give  hydraulic  properties  to  the  resulting  limes;  such  materials 
will  be  discussed  in  the  next  group  as  Hydraulic  Limes  and 
Natural  Cements. 

Magnesian  Limes. — The  presence  of  any  considerable  amount 
of  magnesium  carbonate  in  the  limestone  from  which  a  lime  is 
obtained  has  a  noticeable  effect  upon  the  character  of  the  prod- 
uct. If  burned  at  the  temperature  usual  for  a  pure  limestone, 
magnesian  limestones  give  a  lime  which  slakes  slowly 
without  evolving  much  heat,  expands  less  in  slaking,  and 
sets  more  rapidly  than  pure  lime.  To  this  class  belong  the  well 
known  and  much  used  limes  of  Canaan  (Conn.);  Tuckahoe, 
Pleasantville  and  Ossining  (N.  Y.);  various  localities  in  New 
Jersey  and  Ohio;  and  Cedar  Hollow  (Penn.).  Magnesian  limes 
are  made  at  a  number  of  points  in  Iowa,  including  Dubuque, 
Lime  City,  Cedar  Valley  and  other  points.*  Under  certain  condi- 
tions of  burning,  pure  magnesian  limestones  yield  hydraulic 
products,  but  in  this  case,  as  in  the  case  of  the  product  obtained 
by  burning  pure  magnesite,  the  set  seems  to  be  due  to  the 
formation  of  a  hydroxide  rather  than  of  a  carbonate.  Magne- 
sian limestones  carrying  sufficient  silica  and  alumina  will  give, 
on  burning,  a  hydraulic  cement  falling  in  the  next  group  under 
the  head  of  Natural  Cements. 

GROUP  II.    COMPLEX  CEMENTS. 

The  cementing  materials  grouped  here  as  Silicate  or 
Hydraulic  Cements  include  all  those  materials  whose  setting 
properties  are  due  to  the  formation  of  new  compounds,  during 
manufacture  ©r  use,  and  not  to  the  mere  reassumption  of  the 
original  composition  of  the  material  from  which  the  cement 
was  made.  These  new  compounds  may  be  formed  either  by 
chemical  change  during  manufacture  or  by  chemical  interac- 

*8ee  Hooser,  Q.  L.,  Iowa  Geologioal  Sarvej,  Vol.  I,  pp.  199207,  lei98.  Cftlvin  And  Bain, 
Ibid.,  Vol.  X.  pp.  601-604,  1900. 
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tion,  in  use,  of  materials  which  have  merely  been  mechanically 
mixed  during  manufacture. 

In  the  class  of  silicate  cements  are  included  all  the  materials 
commonly  known  as  cements  by  the  engineer  (natural  cements, 
Portland  cement,  pozzuolanic  cements),  together  with  the 
hydraulic  limes. 

Though  differing  widely  in  raw  material,  methods  of  manu- 
facture and  properties,  the  silicate  cements  agree  in  two  prom- 
inent features;  they  are  all  hydraulic  (though  in  very  different 
degrees);  and  this  property  of  hydraulicity  is,  in  all,  due  largely 
or  entirely  to  the  formation  of  tri-calcic  silicate  (3  CaO,  SiOj). 
Other  silicates  of  lime,  as  well  as  silico-aluminates,  may  also  be 
formed;  but  they  are  relatively  unimportant,  except  in  certain 
of  the  natural  cements  and  hydraulic  limes  where  the  lime- 
aluminates  may  be  of  greater  importance  than  is  here  indicated. 
This  will  be  recurred  to  in  discussing  the  groups  named. 

The  silicate  cements  are  divisible,  on  technologic  grounds, 
into  four  distinct  classes.  The  basis  for  this  division  is  given 
below.  It  will  be  seen  that  the  first  named  of  these  classes 
(the  pozzuolanic  cements)  differs  from  the  other  three  very 
markedly,  inasmuch  as  its  raw  materials  are  not  calcined  after 
mixture;  while  in  the  last  three  classes  the  raw  materials  are 
invariably  calcined  after  mixture.  The  four  classes  differ 
somewhat  in  composition  but  more  markedly  in  methods  of 
manufacture  and  in  the  properties  of  the  finished  cements. 

CLASSB8  OF  SILIOATB  0BMBNT8. 

1.  Pozzuolanic  or  Puzzolan  Cements;  produced  by  the 
mechanical  mixture,  without  calcination,  of  slaked  lime  and 
a  silico-aluminous  material  (the  latter  being  usually  a  volcanic 
ash  or  blast-furnace  slag). 

2.  Hydraulic  Limes;  produced  by  the  calcination,  at  a  tem- 
perature not  much  higher  than  that  of  decarbonation,  of  a 
siliceous  limestone  so  high  in  lime  carbonate  that  a  consider- 
able amount  of  free  lime  appears  in  the  finished  product. 

3.  Natural  Cements;  produced  by  the  calcination,  at  a  temper- 
ature between  those  of  decarbonation  and  clinkering,  of  a 
siliceous  limestone  (which  may  ailso  carry  notable  amounts  of 
alumina  and  of  magnesium  carbonate)  in  which  the  lime  ca- 
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bonate  is  so  low,  relatively  to  the  silica  and  alumina,  that  little 
or  no  free  lime  appears  in  the  cement. 

4.  Portland  Cements;  produced  by  the  calcination,  at  the  tem- 
perature of  semi-vitrefaction  ("clinkering")  of  an  artificial 
mixture  of  calcareous  with  silico-aluminous  materials,  in  the 
proportion  of  about  three  parts  of  lime  carbonate  to  one  part 
of  clayey  material. 

NATURAL  CEMENTS. 

Natural  cements  are  produced  by  burning  a  naturally  impure 
limestone,  containing  from  fifteen  to  forty  per  cent  of  silica, 
alumina,  and  iron  oxide.  This  burning  takes  place  at  a  compara- 
tively low  temperature,  about  that  of  ordinary  lime  burning. 
The  operation  can  therefore  be  carried  on  in  a  kiln  closely  re- 
sembling an  ordinary  lime  kiln.  During  the  burning  the  carbon 
dioxide  of  the  limestone  is  almost  entirely  driven  off,  and  the 
lime  combines  with  the  silica,  alumina  and  iron  oxide,  forming 
a  mass  containing  silicates,  aluminates,  and  ferrites  of  lime. 
In  case  the  original  limestone  contained  much  magnesium  car- 
bonate, the  burned  rock  will  also  contain  a  corresponding 
amount  of  magnesia. 

After  burning,  the  burned  mass  will  not  slake  if  water  be 
added.  It  is  necessary,  therefore,  to  grind  it  quite  finely. 
After  grinding,  if  the  resulting  powder  (natural  cement)  be 
mixed  with  water  it  will  harden  rapidly.  This  hardening  or 
setting  will  also  take  place  under  water.  The  natural  cements 
differ  from  ordinary  limes  in  two  noticeable  ways: 

(1)  The  burned  mass  does  not  slake  on  the  addition  of  water. 

(2)  After  grinding,  the  powder  has  hydraulic  properties,  i.  e., 
if  properly  prepared,  it  will  set  under  water. 

Natural  cements  are  quite  closely  related  to  both  hydraulic 
limes  on  the  one  hand,  and  Portland  cement  on  the  other, 
agreeing  with  both  in  the  possession  of  hydraulic  properties. 
They  differ  from  hydraulic  limes,  however,  in  that  the  burned 
natural  cement  rock  will  not  slake  when  water  is  poured  on  it. 

The  natural  cements  differ  from  Portland  cements  in  the 
following  important  particulars: 
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(1)  Natural  cements  are  not  made  by  burning  carefully  pre- 
pared and  finely  ground  artificial  mixtures,  but  by  burning 
masses  of  natural  rock. 

(2)  Natural  cements,  after  burning  and  grinding,  are  usually 
yellow  to  brown  in  color  and  light  in  weight,  their  specific 
gravity  being  about  2.7  to  2.9;  while  Portland  cement  is  com- 
monly blue  to  gray  in  color  and  heavier,  its  specific  gravity 
ranging  from  3.0  to  3.2. 

( 3)  Natural  cements  are  always  burned  at  a  lower  temper- 
ature than  Portland,  and  commonly  at  a  much  lower  temper* 
ature,  the  mass  of  rock  in  the  kiln  never  being  heated  high 
enough  to  even  approach  the  fusing  or  clinkering  point. 

(4)  In  use,  natural  cements  set  more  rapidly  than  Portland 
cement,  but  do  not  attain  such  a  high  ultimate  strength. 

(5)  In  composition,  while  Portland  cement  is  a  definite  prod- 
uct whose  percentages  of  lime,  silica,  alumina  and  iron  oxide 
vary  only  between  narrow  limits,  various  brands  of  natural 
cements  will  show  very  great  differences  in  composition. 

The  material  utilized  for  natural  cement  manufacture  is  in- 
variably a  clayey  limestone,  carrying  from  13  to  35  per  cent 
of  clayey  material,  of  which  10  to  22  per  cent  or  so  is  silica, 
while  alumina  and  iron  oxide  together  may  vary  from  4  to  16 
per  cent.  It  is  the  presence  of  these  clayey  materials  which 
give  the  resulting  cement  its  hydraulic  properties.  Stress  is 
often  carelessly  or  ignorantly  laid  on  the  fact  that  many  of  our 
best  known  natural  cements  carry  large  percentages  of  magnesia, 
but  it  should,  at  this  date,  be  realized  that  magnesia  {in  natural 
cemente  at  least)  may  be  regarded  as  being  almost  exactly  inter- 
changeable with  lime,  so  far  as  the  hydraulic  properties  of  the 
product  are  concerned.  The  presence  of  magnesium  carbonate 
in  a  natural  cement  rock  is  then  merely  incidental,  while  the 
silica,  alumina,  and  iron  oxide  are  essential.  The  thirty  per 
cent  or  so  of  magnesium  carbonate  which  occurs  in  the  cement 
rock  of  the  Rosendale  district,  N.  S.,  could  be  replaced  by  an 
equal  amount  of  lime  carbonate,  and  the  burnt  stone  would 
still  give  a  hydraulic  product.  If,  however,  the  clayey  portion 
(silica,  alumina,  and  iron  oxide)  of  the  Rosendale  rock  could  be 
removed,  leaving  only  the  magnesium  and  lime  carbonates,  the 
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burnt  rock  would  lose  all  of  its  hydraulic  properties  and  would 
yield  simply  a  magnesian  lime. 

This  point  has  been  emphasized  because  many  writers  on  the 
subject  have  either  explicitly  stated  or  implied  that  it  is  the 
magnesian  carbonate  of  the  Rosendale,  Akron,  Louisville, 
Utica  and  Milwaukee  rocks  that  causes  them  to  yield  a  natural 
cement  on  burning. 

PORTLAND  CEMENT. 

Portland  cement  is  produced  by  burning  a  finely  ground,  arti- 
ficial mixture  containing  essentially  lime,  silica,  alumina,  and 
iron  oxide,  in  certain  definite  proportions.  Usually  this  com- 
bination is  made  by  mixing  limestone  or  marl  with  clay  or 
shale,  in  which  case  about  three  times  as  much  of  the  lime  car- 
bonate should  be  present  in  the  mixture  as  of  the  clay  mate- 
rials. The  burning  takes  place  at  a  high  temperature,  approach- 
ing 3,000^  F.,  and  must  therefore  be  carried  on  in  kilns  of 
special  design  and  lining.  During  the  burning,  combination  of 
the  lime  with  silica,  alumina,  and  iron  oxide  takes  place.  The 
product  of  the  burning  is  a  semi-fused  mass  called  clinker,  and 
consists  of  silicates,  aluminates  and  ferrites  of  lime  in  certain 
definite  proportions.  This  clinker  must  be  finely  ground. 
After  such  grinding  the  powder  (Portland  cement)  will  set 
under  water. 

As  noted  above,  under  the  head  of  Natural  Cements,  Port- 
land cement  is  blue  to  gray  in  color,  with  a  specific  gravity  of 
3.0  to  3.2,  and  sets  more  slowly  than  natural  cements,  but  soon 
attains  a  higher  tensile  strength. 

PUZZOLAN  CEMENTS. 

The  cementing  materials  included  under  this  name  are  made 
by  mixing  powdered  slaked  lime  with  either  a  volcanic  ash  or 
a  blast-furnace  slag.  The  product  is  therefore  simply  a  mechan- 
ical mixture  of  two  ingredients,  as  the  mixture  is  not  burned  at 
any  stage  of  the  process.  After  mixing,  the  mixture  is  finely 
ground.  The  resulting  powder  (Puzzolan  cement)  will  set 
under  water. 
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Puzzolan  cements  are  usually  light  bluish  in  color,  and  of 
lower  specific  gravity  and  less  tensile  strength  than  Portland 
cement.  They  are  better  adapted  to  use  under  water  than  to 
use  in  air. 

PORTLAND  CEMENT. 

DEFINITION. 

In  the  following  section  various  possible  raw  materials  for 
Portland  cement  manufacture  will  be  taken  up,  and  their 
relative  suitability  for  such  use  will  be  discussed.  In  order  that 
the  statements  there  made  may  be  clearly  understood  it  will  be 
necessary  to  preface  this  discussion  by  a  brief  explanation 
regarding  the  composition  and  constitution  of  Portland  cement. 

Use  of  term  Portland. — While  there  is  a  general  agreement  of 
opinion  as  to  what  is  understood  by  the  term  Portland  cement, 
a  few  points  of  importance  are  still  open  questions.  The  defin- 
itions of  the  term  given  in  specifications  are  in  consequence 
often  vague  and  unsatisfactory. 

It  is  agreed  that  the  cement  mixture  must  consist  essentially 
of  lime,  silica  and  alumina  in  proportions  which  can  vary  but 
slightly;  and  that  this  mixture  must  be  burned  at  a  tempera- 
ture which  will  give  a  semi-fused  product — a  "clinker."  These 
points  must  therefore  be  included  in  any  satisfactory  definition. 
The  point  regarding  which  there  is  a  difference  of  opinion 
is  whether  or  not  cements  made  by  burning  a  natural  rock 
can  be  considered  true  Portlands.  The  question  as  to 
whether  the  definition  of  Portland  cement  should  be  drawn  so 
as  to  include  or  exclude  such  products  is  evidently  largely  a 
matter  of  convention ;  but,  unlike  most  conventional  issues,  the 
decision  has  very  importantjpractical  consequences.  The  ques- 
tion at  issue  may  be  stated  as  follows: 

If  we  make  artificial  mixture  of  the  raw  materials  and  a 
very  high  degree  of  burning  the  criteria  on  which  to  base  our 
definition,  we  must  in  consequence  of  that  decision  exclude 
from  the  class  of  Portland  cements  certain  well  known 
products  manufactured  at  several  points  in  France  and  Belgium, 
by  burning  a  natural  rock,  without  artificial  mixture,  and  at  a 
considerably  lower  temperature  than  is  attained  in  ordinary 
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Portland  cement  practice.  These  "natural  Portlands"  of  France 
and  Belgium  have  always  been  considered  Portland  cements  by 
the  most  critical  authorities,  though  all  agree  that  they  are 
not  particularly  high  grade  Portlands.  So  that  a  definition, 
based  upon  the  criteria  above  named,  will  of  necessity  exclude 
from  our  class  of  Portland  cements  some  very  meritorious 
products. 

There  is  no  doubt  that  in  theory  a  rock  could  occur,  contain- 
ing lime,  silica  and  alumina  in  such  correct  proportions  as  to 
give  a  good  Portland  cement  on  burning.  Actually,  however, 
such  a  perfect  cement  rock  is  of  extremely  rare  occurrence.  As 
above  stated,  certain  brands  of  French  and  Belgian  "Portland" 
cements  are  made  from  such  natural  rocks,  without  the  addi- 
tion of  any  other  material ;  but  these  brands  are  not  particu- 
larly high  grade ,  and  in  the  better  Belgian  cements  the  compo- 
sition is  corrected  by  the  addition  of  other  materials  to  the 
cement  rock,  before  burning. 

The  following  definition  of  Portland  cement  is  of  importance 
because  of  the  large  amount  of  cement  which  will  be  accepted 
annually  under  the  specifications*  in  which  it  occurs.  It  is  also 
of  interest  as  being  the  nearest  approach  to  an  official  govern- 
ment definition  of  the  material  that  we  have  in  this  country. 

* '  By  a  Portland  cement  is  meant  the  product  obtained  from  the  heating  or 
calcining  up  to  incipient  fusion  of  intimate  mixtures,  either  natural  or  artificial »  of 
argillaceous  with  calcareous  substances,  the  calcined  product  to  contain  at  least 
1.7  times  as  much  of  lime,  by  weight,  as  of  the  materials  which  give  the  lime  its 
hydraulic  properties,  and  to  be  finely  pulverized  after  said  calcination,  and  there* 
after  additions  or  substitutions  for  the  purpose  only  of  regulating  certain  properties 
of  technical  importance  to  be  allowable  to  not  exceeding  2  per  cent  of  the  calcined 
product." 

It  will  be  noted  that  this  definition  does  not  require  pulver- 
izing or  artificial  mixing  of  the  materials  prior  to  burning.  It 
seems  probable  that  the  Belgian  "natural  Portlands"  were  kept 
in  mind  when  these  requirements  were  omitted.  In  dealing 
with  American  made  cements,  however,  and  the  specifications 
in  question  are  headed,  ''Specifications  for  American  Portland 
cement,"  it  is  a  serious  error  to  omit  these  requirements.  No 
true  Portland  cements  are  at  present  manufactured  in  America 

•^of WBlonal  paper  No.  S8,  Corps  of  Engineers,  U.  8.  A. ,  p.  80 
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from  natural  mixtures,  without  pulverizing  and  artificially 
mixing  the  materials  prior  to  burning.  Several  plants,  how- 
ever, have  placed  on  the  market  so-called  Portland  cements 
made  by  grinding  up  together  the  underburned  and  overburned 
materials  formed  during  the  burning  of  natural  cements. 
Several  of  these  brands  contain  from  5  to  15  per  cent  of  mag- 
nesia, and  under  no  circumstances  can  they  be  considered  true 
Portland  cements. 

In  view  of  the  conditions  above  noted,  the  writer  believes 
that  the  following  definition  will  be  found  more  satisfactory 
than  the  one  above  quoted. 

Definition  of  Portland  Cement. — Portland  cement  is  an  arti- 
ficial product  obtained  by  finely  pulverizing  the  clinker  pro- 
duced by  burning  to  semi-fusion  an  intimate  mixture  of  finely 
ground  calcareous  and  argillaceous  material,  this  mixture  con- 
sisting approximately  of  one  part  of  silica  and  alumina  to  three 
parts  of  carbonate  of  lime  (or  an  equivalent  amount  of  lime 
oxide). 

COMPOSITION  AND  CONSTITUTION. 

Portland  cements  may  be  said  to  tend  toward  a  composition 
approximating  to  pure  tri-calcic  silicate  (3  CaO,  SiOg )  which 
would  correspond  to  the  proportion  CaO  73.6  per  cent,  Si02  26.4 
per  cent.  As  can  be  seen,  however,  from  the  analyses  quoted 
later,  actual  Portland  cements  as  at  present  made  differ  in  com- 
position somewhat  markedly  from  this.  Alumina  is  always 
present  in  considerable  quantity,  forming  with  part  of  the  lime, 
the  dicalcic  aluminate  (2  CaO,  Alg  Ob  ).  This  would  give,  as 
stated  by  Newberry,  for  the  general  formula  of  a  pure  Portland — 

X  (3  CaO,  SiOa  )  +  y  (2  CaO,  Alg  O3 ). 

But  the  composition  is  still  further  complicated  by  the 
presence  of  accidental  impurities,  or  intentionally  added  in- 
gredients. These  last  may  be  simply  adulterants,  or  they  may 
be  added  to  serve  some  useful  purpose.  Calcium  sulphate  is  a 
type  of  the  latter  class.  It  serves  to  retard  the  set  of  the 
cement,  and,  in  small  quantities,  appears  to  have  no  injurious 
effect  which  would  prohibit  its  use  for  this  purpose.  In  dome 
kilns,  sufficient  sulphur  trioxide  is  generally  taken  up  by  the 
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cement  from  the  fuel  gases  to  obviate  the  necessity  for  the 
later  addition  of  calcium  sulphate,  but  in  the  rotary  kiln  its 
addition  to  the  ground  cement,  in  the  form  of  either  powdered 
gypsum  or  plaster  of  Paris,  is  a  necessity. 

Iron  oxide,  within  reasonable  limits,  seems  to  act  as  a  sub- 
stitute for  alumina,  and  the  two  may  be  calculated  together. 
Magnesium  carbonate  is  rarely  entirely  absent  from  limestones 
or  clays,  and  magnesia  is  therefore  almost  invariably  present 
in  the  finished  cement.  Though  magnesia,  When  magnesium 
carbonate  is  burned  at  low  temperature,  is  an  active  hydraulic 
material,  it  does  not  combine  with  silica  or  alumina  at  the 
clinkering  heat  employed  in  Portland  cement  manufacture. 
At  the  best  it  is  an  inert  and  valueless  constituent  in  the 
cement;  many  regard  it  as  positively  detrimental  in  even  small 
amounts,  and  because  of  this  feeling  manufacturers  prefer  to 
carry  it  as  low  as  possible.  Newberry  has  stated  that  in 
amounts  of  less  than  three  and  one-half  per  cent  it  is  harmless, 
and  American  Portlands  from  the  Lehigh  district  usually  reach 
well  up  toward  that  limit.  In  European  practice  it  is  carried 
somewhat  lower. 

Saw  Materials. 

GENERAL  CONSIDERATIONS. 

For  the  purposes  of  the  present  chapter  it  will  be  suflBciently 
accurate  to  consider  that  a  Portland  cement  mixture,  when 
ready  for  burning,  will  consist  of  about  seventy-five  per  cent  of 
lime  carbonate  (Ca  COs )  and  twenty  per  cent  of  silica  (SiOa ), 
alumina  (AI2  Os )  and  iron  oxide  {Fez  Og )  together,  the  remaining 
five  per  cent  including  any  magnesium  carbonate,  sulphur  and 
alkalies  that  may  be  present. 

The  essential  elements  which  enter  into  this  mixture — lime, 
silica,  alumina  and  iron — are  all  abundantly  and  widely  dis- 
tributed in  nature,  occurring  in  different  forms  in  many  kinds 
of  rocks.  It  can  therefore  be  readily  seen  that,  theoretically, 
a  satisfactory  Portland  cement  mixture  could  be  prepared  by 
combining,  in  an  almost  infinite  number  of  ways  and  propor- 
tions, many  possible  raw  materials.  Obviously,  too,  we  might 
expect  to  find  perfect  gradations  in  the  artificialness  of  the 
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mixture,  varying  from  one  extreme  where  a  natural  rock  of 
absolutely  correct  composition  was  used  to  the  other  extreme 
where  two  or  more  materials,  in  nearly  equal  amounts,  are 
required  to  make  a  mixture  of  correct  composition. 

The  almost  infinite  number  of  raw  materials  which  are 
theoretically  available  are,  however,  reduced  to  a  very  few  in 
practice  under  existing  commercial  conditions.  The  necessity 
for  making  the  mixture  as  cheaply  as  possible  rules  out  of  con- 
sideration a  large  number  of  materials  which  would  be  consid- 
ered available  if  chemical  composition  was  the  only  thing  to 
be  taken  into  account.  Some  materials  otherwise  suitable  are 
too  scarce;  some  are  too  difficult  to  pulverize.  In  consequence, 
a  comparatively  few  combinations  of  raw  materials  are  actually 
used  in  practice. 

In  certain  localities  deposits  of  argillaceous  (clayey)  limestone 
or  "cement  rock"  occurs,  in  which  the  lime,  silica,  alumina 
and  iron  oxide  exist  in  so  nearly  the  proper  proportions  that 
only  a  relatively  small  amount  (about  ten  per  cent  or  so)  of  other 
material  is  required  in  order  to  make  a  mixture  of  correct 
composition. 

In  the  majority  of  plants,  however,  most  or  all  of  the  neces- 
sary lime  is  furnished  by  one  raw  material,  while  the  silica, 
alumina  and  iron  oxide  are  largely  or  entirely  derived  from 
another  raw  material.  The  raw  material  which  furnished  the 
lime  is  usually  natural,  a  limestone,  chalk  or  marl,  but  occasion- 
ally an  artificial  product  is  used,  such  as  the  chemically  precipi- 
tated lime  carbonate  which  results  as  waste  from  alkali  manu- 
facture. The  silica,  alumina  and  iron  oxide  of  the  mixture  are 
usually  derived  from  clays,  shales  or  slates;  but  in  a  few  plants 
blast-furnace  slag  is  used  as  the  silica-aluminous  ingredient  in 
the  manufacture  of  true  Portland  cement. 

The  various  combinations  of  raw  materials  which  are  at 
present  used  in  the  United  States  in  the  manufacture  of  Port- 
land cement  may  be  grouped  under  six  heads.  This  grouping 
is  as  follows: 

1.  Argillaceous  limestone  (cement  rock)  and  pure  limestone. 

2.  Pure  hard  limestone  and  clay  or  shale. 

3.  Soft  chalky' limestone  and  clay. 
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4.  Marl  and  clay. 

5.  Alkali  waste  and  clay. 

6.  Slag  and  limestone. 

ORIGIN  AND  GENERAL  CHARACTERS  OF  LIMESTONES. 

The  cement  materials  which  are  described  in  the  four  follow- 
ing sections  as  argillaceous  limestone  or  cement  rock,  pure 
hard  limestone,  chalk,  and  marl,  though  differing  sufficiently 
in  their  physical  and  economic  characters  to  be  discussed 
separately  and  under  different  names,  agree  in  that  they  are 
all  forms  of  limestone.  The  origin,  chemical  composition, 
physical  characters,  and  properties  of  limestone  will  therefore 
be  briefly  taken  up  in  the  present  chapter  to  serve  as  an  intro- 
duction to  the  more  detailed  statements  concerning  the  various 
types  of  limestone  to  be  found  in  the  succeeding  chapters. 

ORiaiN  OF  LIMESTONBa* 

Limestones  have  been  formed  largely  by  the  accumulation  at 
the  sea  bottom  of  the  calcareous  remains  of  such  organisms  as 
the  f Oram inif era,  corals,  and  mollusks.  Most  of  the  thick  and 
extensive  limestone  deposits  of  the  United  States  were  probably 
deep-sea  deposits  formed  in  this  way.  Many  of  these  lime- 
stones still  show  the  fossils  of  which  they  were  formed,  but  in 
others  all  trace  of  organic  origin  has  been  destroyed  by  the  fine 
grinding  to  which  the  shells  and  corals  were  subjected  before 
their  deposition  on  the  sea  bottom.  It  is  probable,  also,  that 
part  of  the  calcium  carbonate  of  these  limestones  was  a  purely 
chemical  deposit  from  solution,  cementing  the  shell  fragments 
together. 

A  far  less  extensive  class  of  limestones — though  important 
in  the  -present  connection — owe  their  origin  to  the  indirect 
action  of  organisms.  The  "marls,"  so  important  today  as 
Portland  cement  materials,  fall  in  this  class.  As  the  class  is 
of  limited  extent,  however,  its  methods  of  origin  may  be  dis- 
missed here,  but  will  be  described  later. 

Deposition  from  solution  by  purely  chemical  means  has  un- 
doubtedly given  rise  to  numerous  limestone  deposits.    When 

^For  a  more  detailed  disooaslon  of  this  subject  the  reader  will  do^  well  to  consalt  Chapter  8 
of  Prof.  J.  F.  Kemp's  "Handbook  of  Bocks. " 
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this  deposition  took  place  in  caverns  or  in  the  open  air,  it  gave 
rise  to  onyx  deposits  and  to  the  "travertine  marls"  of  certain 
Ohio  and  other  localities;  when  it  took  place  in  isolated  por- 
tions of  the  sea  through  the  evaporation  of  the  sea  water  it  gave 
rise  to  the  limestone  beds  which  so  frequently  accompany  de- 
posits of  salt  and  gypsum. 

VABIBTIBS  OF  UMBSTONB. 

A  number  of  terms  are  in  general  use  for  the  different  vari- 
eties of  limestone,  based  upon  differences  of  origin,  texture, 
conaposition,  etc.  The  more  important  of  these  terms  will  be 
briefly  defined. 

The  marbles  are  limestone  which,  through  the  action  of  heat 
and  pressure,  have  become  more  or  less  distinctly  crystalline. 
The  term  mar/,  as  at  present  used  in  cement  manufacture,  is 
applied  to  a  loosely  cemented  mass  of  lime  carbonate  formed 
in  lake  basins.  Calcareous  tufa  and  travertine  are  more  or  less 
compact  limestones  deposited  by  spring  or  stream  waters  along 
their  courses.  Oolitic  limestones,  so  called  because  of  their  re- 
semblance to  a  mass  of  fish-roe,  are  made  up  of  small,  rounded 
grains  of  lime  carbonate.  Chalk  is  a  fine-grained  limestone 
composed  of  finely  comminuted  shells,  particularly  those  of 
the  foraminifera.  The  presence  of  much  silica  gives  rise  to  a 
siliceous  or  cherty  limestone.  If  the  silica  present  is  in  combi- 
nation with  alumina,  the  resulting  limestone  will  be  clayey  or 
argillaceous. 

OHBHIOA.L  COMPOSITION  OF  LIMBSTONB. 

A  theoretically  pure  limestone  is  merely  a  massive  form  of 
the  mineral  calcite.  Such  an  ideal  limestone  would  therefore 
consist  entirely  of  calcium  carbonate  or  carbonate  of  lime, 
with  the  formula  CaCOa  (CaO,  CO2 ),  corresponding  to  the  com- 
position calcium  oxide  (CaO)  56  per  cent,  carbon  dioxide  or  car- 
bonic acid  (CO2 )  44  per  cent. 

As  might  be  expected,  the  limestones  we  have  to  deal  with 
in  practice  depart  more  or  less  widely  from  this  theoretical 
composition.  These  departures  from'^ideal  purity  may  take 
place  along  either  of  two  lines: 

a.  The  presence  of  magnesia  in  place  of  part  of  the  lime. 
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b.  The  presence  of  silica,  iron,  alumina,  alkalies,  or  other 
impurities. 

It  seems  advisable  to  discriminate  between  these  two  cases, 
even  though  a  given  sample  of  limestone  may  fall  under  both 
heads,  and  they  will,  therefore,  be  discussed  separately. 

The  presence  of  magnesia  in  place  of  part  of  the  lime. — The 
theoretically  pure  limestones  are,  as  above  noted,  composed 
entirely  of  calcium  carbonate  and  correspond  to  the  chemical 
formula  CaCOs .  Setting  aside  for  the  moment  the  question  of 
the  presence  or  absence  of  such  impurities  as  iron,  alumina, 
silica,  etc.,  it  may  be  said  that  lime  is  rarely  the  only  base  in  a 
limestone.  During  or  after  the  formation  of  the  limestone  a 
certain  percentage  of  magnesia  is  usually  introduced  in  place 
of  a  part  of  the  lime,  thus  giving  a  more  or  less  magnesian  lime- 
stone. In  the  magnesian  limestones  part  of  this  calcium  car- 
bonate is  replaced  by  magnesium  carbonate  (Mg  COa ),  the  gen- 
eral formula  for  a  magnesian  limestone  being  therefore 

X  Ca  CO3  +  y  Mg  COs 

In  this  formula  x  may  vary  from  100  per  cent  to  zero,  while 
y  will  vary  inversely  from  zero  to  100  per  cent.  In  the  partic- 
ular case  of  this  replacement  where  the  two  carbonates  are 
united  in  equal  molecular  proportions,  the  resultant  rock  is 
called  dolomite.  It  has  the  formula  (CaCOa ,  MgCOs )  corres- 
ponding to  the  composition  calcium  carbonate  54,35  per  cent, 
magnesium  carbonate  45.65  per  cent.  In  the  case  where  the 
calcium  carbonate  has  been  entirely  replaced  by  magnesium 
carbonate,  the  resulting  pure  carbonate  of  magnesia  is  called 
magnesite,  having  the  formula  MgCOs  and  the  composition 
magnesia  (MgO)  47.6  per  cent,  carbon  dioxide  (CO2 )  52.4  per 
cent. 

Rocks  of  this  series  may  therefore  vary  in  composition  from 
pure  calcite  limestone  at  one  end  of  the  series  to  pure  mag- 
nesite  at  the  other.  The  term  limestone  has,  however,  been 
restricted  in  general  use  to  that  part  of  the  series  lying  in 
composition  between  calcite  and  dolomite,  while  all  those  more 
uncommon  phases  carrying  more  magnesium  carbonate  than 
the  45.65  per  cent  are  usually  described  simply  as  impure 
magnesites. 
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The  presence  of  much  magnesia  in  the  finished  cement  is 
considered  undesirable,  3^  per  cent  being  the  maximum  per- 
missible under  most  specifications,  and  therefore  the  limestone 
io  be  used  in  Portland  cement  manufacture  should  carry  not 
over  five  to  six  per  cent  of  magnesium  carbonate. 

Though  magnesia  is  often  described  as  an  "impurity "  in  lime- 
stone, this  word,  as  can  be  seen  from  the  preceding  statements, 
hardly  expresses  the  facts  in  the  case.  The  magnesium  carbon- 
ate present,  whatever  its  amount,  simply  serves  to  replace  an 
equivalent  amount  of  calcium  carbonate,  and  the  resulting  rock, 
whether  little  or  much  magnesia  is  present,  is  still  a  pure  car- 
bonate rock.  With  the  impurities  to  be  discussed  in  later 
paragraphs,  however,  this  is  not  the  case.  Silica, alumina,  iron, 
sulphur,  alkalies,  etc.,  when  present,  are  actual  impurities,  not 
merely  chemical  replacements  of  pare  of  the  calcium  carbonate. 

The  presence  of  silica,  iron^  alumina^  alkalies  and  other  impuri- 
ties.— Whether  a  limestone  consists  of  pure  calcium  carbouate 
or  more  or  less  of  magnesium  carbonate,  it  may  also  contain  a 
greater  or  less  amount  of  distinct  impurities.  From  the  point 
of  view  of  the  cement  manufacturer,  the  more  important  of 
these  impurities  are  silica,  alumina,  iron,  alkalies  and  sulphur, 
all  of  which  have  a  marked  effect  on  the  value  of  the  limestone 
as  a  cement  material.  These  impurities  will,  therefore,  be 
taken  up  in  the  order  in  which  they  are  named  above. 

The  silica  in  a  limestone  may  occur  either  in  combination 
with  alumina,  as  a  clayey  impurity,  or  not  combined  with 
alumina.  As  the  effect  on  the  value  of  the  limestone  would  be 
very  different  in  the  two  cases  they  will  be  take  up  separately. 

Silica  alone. — Silica,  when  present  in  a  limestone  containing 
no  alumina  may  occur  in  one  of  three  forms,  and  the  form  in 
which  it  occurs  is  of  great  importance  in  connection  with 
cement  manufacture. 

(1)  In  perhaps  its  commonest  form,  silica  is  present  in 
nodules,  masses  or  beds  of  flint  or  chert.  Silica  occurring  in 
this  form  will  not  readily  enter  into  combination  with  the  lime 
of  a  cement  mixture,  and  a  cherty  or  flinty  limestone  is,  there- 
fore, almost  useless  in  cement  manufacture. 
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(2)  In  a  few  cases,  as  in  the  hydraulic  limestone  of  Teil, 
France,  a  large  amountr  of  silica  is  present  and  very  little 
alumina,  notwithstanding  which  the  silica  readily  combines 
with  the  lime  on  burning.  It  is  probable  that  in  such  cases 
the  silica  is  present  in  the  limestone  in  a  very  finely  divided 
condition,  or  possibly  as  hydrated  silica,  possibly  as  the  result 
of  chemical  precipitation  or  of  organic  action.  In  the  majority 
of  cases,  however,  a  highly  siliceous  limestone  will  not  make  a 
cement  on  burning  unless  it  contains  alumina  in  addition  to 
the  silica. 

(3)  In  the  crystalline  limestone  (marbles)  and  less  commonly 
in  uncrystalline  limestones,  whatever  silica  is  present  may 
occur  as  a  complex  silicate  in  the  form  of  shreds  of  mica,  horn- 
blende, or  other  silicate  mineral.  In  this  form  silica  is  some- 
what intractable  in  the  kiln,  and  mica  and  other  silicate 
minerals  are  therefore  to  be  regarded  as  inert  and  useless  im- 
purities in  a  cement  rock.  These  silicates  will  flux  at  a  lower 
temperature  than  pure  silica  and  are  thus  not  so  troublesome 
as  flint  or  chert.  They  are,  however,  much  less  serviceable 
than  if  the  same  amount  of  silica  were  present  in  combination 
with  alumina  as  a  clay. 

Silica  with  Alumina. — Silica  and  alumina,  combined  in  the 
form  of  clay,  are  common  impurities  in  limestone,  and  are  of 
special  interest  to  the  cement  manufacturer.  The  best  known 
example  of  such  an  argillaceous  limestone  is  the  cement  rock 
of  the  Lehigh  district  of  Pennsylvania.  Silica  and  alumina, 
when  present  in  this  combined  form,  combine  readily  with  the 
lime  under  the  action  of  heat,  and  an  argillaceous  limestone 
therefore  forms  an  excellent  basis  for  a  Portland  cement  mix- 
ture. 

Iron. — Iron  when  present  in  a  limestone  occurs  commonly  as 
the  oxide  (Fe2  0$ )  or  sulphide  (FeSa );  more  rarely  as  iron  car- 
bonate or  in  a  complex  silicate.  Iron  in  the  oxide,  carbonate 
or  silicate  forms  is  a  useful  flux,  aiding  in  the  combination  of 
the  lime  and  silica  in  the  kiln.  When  present  as  a  sulphide, 
in  the  form  of  the  mineral  pyrite,  it  is  to  be  avoided  in  quanti- 
ties above  two  or  three  per  cent. 
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PHYSICAL  CHABACTEBS  OF  LIMESTONES. 

In  texture,  hardness  and  compactness,  the  limestones  vary 
from  the  loosely  consolidated  marls  through  the  chalks  to  the 
hard,  compact  limestones  and  marbles.  Parallel  with  these 
variations  are  variations  in  absorptive  properties  and  density. 
The  chalky  limestones  may  run  as  low  in  specific  gravity  as 
1.85,  corresponding  to  a  weight  of  about  110  pounds  per  cubic 
foot,  while  the  compact  limestones  commonly  used  for  building 
purposes  range  in  specific  gravity  between  2.3  and  2.9,  corres- 
ponding approximately  to  a  range  in  weight  of  from  140  to  185 
pounds  per  cubic  foot* 

From  the  point  of  view  of  the  Portland  cement  manufacturer, 
these  variations  in  physical  properties  are  of  economic  interest 
chiefly  in  their  bearing  upon  two  points:  the  percentage  of 
water  carried  by  the  limestone  as  quarried,  and  the  ease  with 
which  the  rock  may  be  crushed  and  pulverized.  To  some  ex- 
tent the  two  properties  counterbalance  each  other,  the  softer 
the  limestone  the  more  absorbent  it  is  likely  to  be.  These 
purely  economic  features  will  be  discussed  in  more  detail 
later. 

EFFEOT  OF  HBATINQ  ON  LIMESTONE. 

On  heating  a  non-magnesian  limestone  to  or  above  300^  C, 
its  carbon  dioxide  will  be  driven  off,  leaving  quicklime  (calcium 
oxide,  CaO).  If  a  magnesian  limestone  be  similarly  treated,  the 
product  would  be  a  mixture  of  calcium  oxide  and  magnesium 
oxide  (MgO).  The  rapidity  and  perfection  of  this  decomposi- 
tion can  be  increased  by  passing  steam  or  air  through  the 
burning  mass.  In  practice  this  is  accomplished  either  by  the 
direct  injection  of  air  or  steam,  or  more  simply  by  thoroughly 
wetting  the  limestone  before  putting  it  into  the  kiln. 

If,  however,  the  limestone  contains  an  appreciable  amount 
of  silica,  alumina  and  iron,  the  effects  of  heat  will  not  be  of  so 
simple  a  character.  At  temperatures  of  800**  C.  and  above 
these  clay  impurities  will  combine  with  the  lime  oxide,  giving 
silicates,  aluminates  and  related  salts  of  lime.  In  this  manner 
a  natural  cement  will  be  produced.  An  artificial  mixture  of 
certain  and  uniform  composition,  burned  at  a  higher  tempera- 
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ture,  will  give  a  Portland  cement,  the  details  of  whose  manu- 
facture are  discussed  on  later  pages. 

Baw  Materials  Actually  in  Use. 

ARGILLACEOUS  LIMESTONE:    CEMENT  ROCK. 

An  argillaceous  limestone  containing  approximately  75  per 
cent  of  lime  carbonate  and  20  per  cent  of  clayey  materials 
(silica,  alumina  and  iron  oxide)  would,  of  course,  be  the  ideal 
material  for  use  in  the  manufacture  of  Portland  cement,  as 
such  a  rock  would  contain  within  itself  in  the  proper  propor- 
tions all  the  ingredients  necessary  for  the  manufacture  of  a 
good  Portland.  It  would  require  the  addition  of  no  other 
material,  but  when  burnt  alone  would  give  a  good  cement. 
This  ideal  cement  material  is,  of  course,  never  realized  in 
practice,  but  certain  deposits  of  argillaceous  limestone  approach 
the  ideal  composition  very  closely. 

The  most  important  of  these  argillaceous  limestone  or 
"cement  rock"  deposits  is,  at  present,  that;  which  is  so  exten- 
sively utilized  in  Portland  cement  manufacture  in  the  "Lehigh 
district''  of  Pennsylvania  and  New  Jersey.  As  this  area  still 
furnishes  about  two-thirds  of  all  the  Portland  cement  manu- 
factured in  the  United  States,  its  raw  materials  will  be  described 
in  some  detail. 

CBMBNT  BOCK  OF  THE  LBEUaH  DISTRICT. 

The  Lehigh  district  of  the  cement  trade  comprises  parts  of 
Berks,  Lehigh,  and  Northampton  counties,  Pennsylvania,  and 
of  Warren  county.  New  Jersey.  Within  this  relatively  small 
area  about  twenty  Portland  cement  mills  are  located,  produc- 
ing slightly  over  two-thirds  of  the  entire  American  output.  As 
deposits  of  the  cement  rock  used  by  these  plants  extend  far 
beyond  the  present  "Lehigh  district,"  a  marked  extension  of 
the  district  will  probably  take  place  as  the  need  for  larger  sup- 
plies of  raw  material  becomes  more  apparent. 

The  "cement  rock"  of  the  Lehigh  district  is  a  highly  argil- 
laceous limestone  of  Trenton  (Lower  Silurian)  age.  The  for- 
mation is  about  300  feet  in  thickness  in  thig  area.    The  rock 
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is  very  dark  gray  in  color  and  usually  has  a  slaty  fracture. 
In  composition  it  ranges  from  about  60  per  cent  lime  carbonate 
with  30  per  cent  clayey  material,  up  to  about  80  per  cent  lime 
carbonate  with  15  per  cent  of  silica,  alumina  and  iron.  The 
lower  beds  of  the  formation  are  always  higher  in  lime  carbonate 
than  are  the  beds  nearer  the  top  of  the  formation.  The  con- 
tent of  magnesium  carbonate  in  these  cement  rocks  is  always 
high  (as  Portland  cement  materials  go),  ranging  from  3  to  6 
per  cent. 

Near,  and  in  some  cases  immediately  underlying  these  ce- 
ment beds,  are  beds  of  purer  limestone  ranging  from  85  to  96 
per  cent  lime  carbonate.  The  usual  practice  in  the  Pennsyl- 
vania and  New  Jersey  plants  has  been,  therefore,  to  mix  a 
relatively  small  amount  of  this  purer  limestone  with  the  low  lime 
"cement  rock"  in  such  proportions  as  to  give  a  cement  mixture 
of  proper  composition. 

The  economic  and  technologic  advantages  of  using  such  a 
combination  of  materials  are  very  evident.  Both  the  pure 
limestone  and  the  cement  rock,  particularly  the  latter,  can  be 
quarried  very  easily  and  cheaply.  As  quarried,  they  carry  but 
little  water  so  that  the  expense  of  drying  them  is  slight.  The 
fact  that  about  four-fifths  of  the  cement  mixture  will  be  made 
up  of  a  natural  cement  rock  permits  coarser  grinding  of  the 
raw  mixture  than  would  be  permissible  in  plants  using  pure 
limestone  or  marl  with  clay.  This  point  is  more  fully  ex- 
plained on  a  later  page.  It  seems  probable,  also,  that  when  using 
a  natural  cement  rock  as  part  of  the  mixture  the  amount  of 
fuel  necessary  to  clinker  the  mixture  is  less  than  when  pure 
limestone  is  mixed  with  clay. 

Such  mixtures  of  argillaceous  limestone  or  "cement  rock" 
with  a  small  amount  of  pure  limestone  evidently  possess  impor- 
tant advantages  over  mixtures  of  pure  hard  limestone  or  marl 
with  clay.  They  are,  on  the  other  hand,  less  advantageous  as 
cement  materials  than  the  chalky  limestones. 

The  analyses  in  table  2  are  fairly  representative  of  the 
materials  employed  in  the  Lehigh  district.  The  first  four 
analyses  are  of  "cement  rock;"  the  last  two  are  of  the  purer 
limestone  used  for  mixing  with  it. 
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TABLB  8.    AyALY8E9  OF  LSHIQH  DISTRIOT  CEMENT  MATERIALS. 


Cemant  Book. 


Limestono. 


Silica  (SiOs) 

Alumina  (Al2  Os  } 

Iron  oxide  (Pes  Os  ) 

Lime  carbonate  (CaCOs  ) 

Magnesium  carbonate  (Mg^Os  ) 


10.02 
6.26 

78!65 
4.71 


9.52 

4.72 

•  •  •  •  • 

80.71 

4.92 


14.52 
6.52 

•  •  •  •   • 

73.52 
4.69 


16.10 
2.20 

■  •  •  •  • 

76  23 
3  54 


1.98 
0.70 

.  •  ■  •  • 

95.19 

2  03 


'*CBMBNT  BOOK"  IN  OTHEB  PARTS  OF  THE  UNITED  STATES. 

Certain  Portland  cement  plants,  particularly  in  the  western 
United  States,  are  using  combinations  of  materials  closely 
similar  to  those  in  the  Lehigh  district.  Analyses  of  the 
materials  used  at  several  of  these  plants  are  given  in  table  3. 


TABLE  8.    ANALYSES   OF    '*CEMBNT    BOCK"    MATEBIAL8   FBOM    THE  WB8TEBN 

UNITED  STATES. 


Uteh. 


8. 

J 


a 

3 


OaUfornia. 


8- 


S 

3 


Colorado. 


8« 


4 

a 

3 


Silica(Si02) 

Alumina  (Al2  Os  } 

Iron  oxide  (Pes  Os  ) 

Lime  carbonate  (CaCOs  ) 

Mafi^nesium  carbonate  (M^COs ) 


21.2 
8.0 


62.08 
3.8 


6.8 
3.0 


89.8 
0.76 


20.06 
10.07 

3.39 
63.40 

1.54 


7  12 
2.36 
1.16 
87.70 
0.84 


14.20 
5.21 
1.73 

75.10 
1.10 


88.0 


In  addition  to  the  "cement  rocks"  noted  in  this  chapter,  it  is 
necessary  to  call  attention  to  the  fact  that  many  of  the  chalky 
limestones  are  sufficiently  argillaceous  to  be  classed  as  "cement 
rocks."  Because  of  their  softness,  however,  all  the  chalky  lime- 
stones will  be  described  together. 


PURE  HARD  LIMESTONES. 

Soon  after  the  American  Portland  cement  industry  had 
become  fairly  well  established  in  the  Lehigh  district,  attempts 
were  made  in  New  York  state  to  manufacture  Portland  cement 
from  a  mixture  of  pure  limestone  and  clay.  These  attempts  were 
not  commercially  successful,  and  although  their  lack  of  succes- 
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was  not  due  to  any  defects  in  the  limestone  used,  a  certain 
prejudice  arose  against  the  use  of  the  hard  limestones.  In 
recent  years,  however,  this  has  disappeared,  and  a  very  large 
proportion  of  the  American  output  is  now  made  from  mixtures 
of  limestone  with  clay  or  shale.  This  reestablishment  in  favor 
of  the  hard  limestone  is  doubtless  due,  in  great  part,  to  recent 
improvements  in  grinding  machinery,  for  the  purer  limestones 
are  usually  much  harder  than  argillaceous  limestones  like  the 
Lehigh  district  "cement  rock,"  and  it  was  very  diflBcult  to  pul- 
verize them  finely  and  cheaply  with  the  crushing  appliances  in 
use  when  the  Portland  cement  industry  was  first  started  in 
America. 

A  series  of  analyses  of  representative  pure  hard  limestones, 
together  with  analyses  of  the  clays  or  shales  with  which 
they  are  mixed,  is  given  below. 

ANAYLSES  OF  PURE  HARD  UMBSONE9  AND  CLAYEY  MATERIALS. 


Llmefltone* 

Silica  (SiOg)    1.72       0.86        0.56       0.40 

Alumina  (AlaOs) 1.63       0.63       1.23) 

y     0.44 
Iron  oxide  (Fe.Os) 6.59        1.03       0.29J 

Lime  carbonate  (CaCOft) 90.58      97.06      97.23  97.99 

Magnesium  carbonate  (MgCO») 0.75  0  42 

Clays  and  Shales. 

Silica  (SiO,) 63.56      55.80      56.30  60.00 

Alumina (AUOa)  )  (23.26 

\     27.32      30.20      29.86  ] 
Iron  oxide  (PesO*) J  (4.32 

Lime  carbonate   (CaCOs) 3.60       2.54  1.70 

Magnesium  carbonate  (MgCOa) .        2.60  1.50 


The  first  limestone  analysis  given  in  the  above  table  repre- 
sents a  curious  type,  used  in  several  plants  in  the  Middle  West. 
As  will  be  noted,  it  is  a  relatively  impure  limestone,  but  its 
principal  impurity  is  iron  oxide. 

It  contains  8.22  per  cent  of  iron  oxide  and  alumina,  as  com- 
pared with  1.72  per  cent  of  silica;  and  therefore  demands  great 
care  in  the  selection  of  a  suitable  high-silica  clay  to  mix  with  it. 
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SOFT  LIMESTONE:    CHALK. 
OBIQIN  AND  GBNSRAL  CHARACTER. 

Chalk,  properly  speaking,  is  a  pure  carbonate  of  lime,  com- 
posed of  the  remains  of  the  shells  of  minate  organisms,  among 
which  those  of  foraminifera  are  especially  prominent.  The 
chalks  and  soft  limestones  discassed  here  agree,  not  only  in 
having  usually  originated  in  this  way,  but  also  in  being  rather 
soft  and  therefore  readily  and  cheaply  crushed  and  pulverized. 
As  Portland  cement  materials  they  are,  therefore,  almost  ideal. 
One  defect,  however,  which  to  a  small  extent  counterbalances 
their  obvious  advantages  is  the  fact  that  most  of  these  soft, 
chalky  limestones  absorb  water  quite  readily.  A  chalky  lime- 
stone which  in  a  dry  season  will  not  carry  over  two  per  cent  of 
moisture  as  quarried,  may  in  consequence  of  prolonged  wet 
weather  show  as  high  as  fifteen  or  twenty  per  cent  of  water. 
This  diflBculty  can  of  course  be  avoided  if  care  be  taken  in 
quarrying  to  avoid  unnecessary  exposure  to  water  and,  if  neces- 
sary, to  provide  facilities  for  storing  a  supply  of  the  raw 
materials  during  wet  seasons. 

GBOORAPHIO  AND  QBOLOaiO' DISTRIBUTION  IN jTHB  UNITED  STATES. 

The  chalks  and  chalky  limestones  are  confined  almost  entirely 
to  certain  southern  and  western  states.  They  are  all  of  approxi- 
mately the  same  geologic  ages.  Cretaceous  or  Tertiary,  and  are 
mostly  confined  to  one  division  of  the  Cretaceous.  The  princi- 
pal chalk  or  soft  limestone  deposits  available  for  use  in  Portland 
cement  manufacture  occur  in  three  widely  separated  areas, 
occupying  respectively,  (a)  parts  of  Alabama  and  Mississippi, 
(b)  parts  of  Texas  and  Arkansas,  (c)  parts  of  Iowa,  Nebraska, 
North  and  South  Dakota. 

COMPOSITION. 

In  composition  these  chalks,  or  "  rotten  limestones,"  vary 
from  a  rather  pure  calcium  carbonate,  low  in  both  magnesia 
and  clayey  materials  to  an  impure  clayey  limestone,  requiring 
little  additional  clay  to  make  it  fit  for  use  in  Portland  cement 
manufacture.      Analyses  quoted   from    various  authors    of    a 
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number  of  these  chalky  limestones  are  given  in  table  C,  and 
will  serve  to  show  their  range  of  composition. 


TABLE  C.    CHALKY  LIMB9T0NB9. 


DeniopoUs, 

Ala. 

1 

White  OlifTs, 
Ark. 

Yankton, 
8.  Dak. 

12.13 

5.77 

23.55 

7.97 

8.20 

4.17\ 
3.28/ 

2.14 

1.50 

1.09 

7.07 

75.07 

90.15 

70.21 

88  64 

83.59 

.92 

.58 

.58 

.73 

n.  d. 

98 


Silica 

Alumina 

Iron  oxide.' 

Lime  carbonate 

Magfoesian  carbonate. 


{ 


9.15 
4.80 
2.30 
63.75 
1.25 


FRESH  WATER  MARLS. 

Marls,  in  the  sense  in  which  the  term  is  used  in  the  Portland 
cement  industry,  are  incoherent  limestones  which  have  been 
deposited  in  the  basins  of  existing  or  extinct  lakes.  So  far  as 
cheinical  composition  is  concerned,  marls  are  practically  pure 
limestones,  being  composed  almost  entirely  of  calcium  carbo- 
nate. Physically,  however,  they  differ  greatly  from  the  com- 
pact rocks  which  are  commonly  described  as  limestones,  for 
the  marls  are  granular,  incoherent  deposits.  This  curious 
physical  character  of  marls  is  due  to  the  conditions  under 
which  they  have  been  deposited,  and  varies  somewhat  accord- 
ing to  the  particular  conditions  which  governed  their  deposi- 
tion in  different  localities. 

A  warning  to  the  reader  concerning  other  uses  of  the  term 
"marl,"  *may  profitably  be  introduced  here.  The  meaning 
above  given  is  that  in  which  the  term  marl  is  commonly  used 
in  the  cement  industry  at  the  present  day  but  injgeological  and 
agricultural  reports,  particularly  in  those  issued  before  the 
Portland  cement  industry  became  prominent  in  this  country, 
the  term  marl  has  been  used  to  cover  several  verydifferent  sub- 
stances. The  following  three  uses  of  the  term  will  be  found 
particularly  common,  and  must  be  guarded  against  when  such 
reports  are  being  examined  in  search  for  descriptions  of  de- 
posits of  cement  materials. 

(1)  In  early  days  the  terms  **  marls"  and  •"marly  tes"  were 
used  to  describe  deposits  of  calcareous  shales,  and^often  covered 
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shales  which  were  not  particularly  calcareous.  This  use  of  the 
term  will  be  found  in  many  of  the  earlier  geological  reports 
issued  by  New  York,  Ohio,  and  other  interior  states. 

(2)  In  New  Jersey  and  the  states  southward  bordering  on  the 
Atlantic  and  the  Gulf  of  Mexico,  the  term  marl  is  commonly 
applied  to  deposits  of  soft,  chalky  or  unconsolidated  limestone, 
often  containing  considerable  clayey  and  phosphatic  matter. 
These  limestones  are  of  marine  origin,  and  are  not  related  to 
the  fresh  water  marl  deposits  which  are  the  subject  of  the 
present  chapter. 

(3)  In  the  same  states  as  are  included  in  the  last  paragraph, 
but  particularly  in  New  Jersey  and  Virginia,  large  deposits  of  the 
so-called  "  greensand  marls  "  occur.  This  material  is  in  no  way 
related  to  the  true  marls  (which  are  essentially  lime  carbon- 
ates), but  consists  almost  entirely  of  an  iron  silicate,  with  very 
small  percentages  of  clayey,  calcareous  and  phosphatic  matter. 

ORiaiN  OF  MARL£. 

The  exact  cause  of  the  deposition  of  marls  has  been  the  sub- 
ject of  much  investigation  and  discussion,  particularly  in  the 
past  few  years,  since  they  have  become  of  economic  importance. 
The  reader  who  wishes  to  obtain  further  details  concerning 
this  question  will  do  well  to  refer  to  the  following  series  of 
papers. 

(1)  Blatchley,  W.  S.,  and  Ashley,  G.  H.  The  lakes  of  north- 
ern Indiana  and  their  associated  marl  deposits,  in  25th  Ann. 
Rept.  Indiana  Dept.  Geology  and  Natural  Resources,  pp.  31-321. 

(2)  Davis,  C.  A.  A  contribution  to  the  natural  history  of 
marl.    Journal  of  Geology,  Vol.  8,  pp.  485-497. 

(3)  Davis,  C.  A.  Second  contribution  to  the  natural  history 
of  marl.    Journal  of  Geology,  Vol.  9,  pp.  491-506. 

(4)  Davis,  C.  A.  A  contribution  to  the  natural  history  of 
marl.  Vol.  8,  pt.  3.  Reports  Michigan  Geological  Survey,  pp. 
65-102. 

(5)  Lane,  A.  C.  Notes  on  the  origin  of  Michigan  bog  limes, 
Vol.  8,  pt.  3,  Reports  Michigan  Geological  Survey,  pp.   199-223. 

Disregarding  the  points  in  controversy,  which  are  of  no  par- 
ticular practical  importance,  it  may  be  said  that  marls  are  de- 
posited in  lakes  by  spring  or  stream  waters  carrying  lime  car- 
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bonate  in  solution.  The  actual  deposition  is  in  part  due  to 
purely  physical  and  chemical  causes,  and  in  part  to  the  direct 
or  indirect  action  of  animal  or  vegetable  life.  The  result,  in 
any  case,  is  that  a  calcareous  deposit  forms  along  the  sides  and 
over  the  bottom  of  the  lake,  this  deposit  consisting  of  lime 
carbonate,  mostly  in  a  finely  granular  form,,  interspersed  with 
shells  and  shell  fragments. 

QBOGBAPHIO  DISTRIBUTION  OF  MARL  DEPOSITS. 

The  geographic  distribution  of  marl  deposits  is  intimately 
related  to  the  geologic  history  of  the  region  in  which  they 
occur.  Marl  beds  are,  as  indicated  in  the  preceding  section, 
the  result  of  the  filling  of  lake  basins.  Lakes  are  not  common 
except  in  those  portions  of  the  United  States  which  were  af- 
fected by  glacial  action,  since  lakes  are  in  general  due  to  the 
damming  of  streams  by  glacial  material.  Workable  marl  de- 
posits, therefore,  are  almost  exclusively  confined  to  those  por- 
tions of  the  United  States  and  Canada  lying  north  of  the  former 
southern  limit  of  the  glaciers. 

Marl  beds  are  found  in  the  New  England  states  where  they 
are  occasionally  of  important  size,  and  in  New  York,  where 
large  beds  occur  in  the  central  and  western  portions  of  the 
state.  Deposits  are  frequent  and  important  in  Michigan  and  in 
the  northern  portions  of  Ohio,  Indiana  and  Illinois.  Marl^beds 
occur  in  Wisconsin  and  Minnesota,  but  have  not  been  as  yet 
exploited  for  cement  manufacture. 

COMPOSITION. 

As  shown  by  the  analyses  below,  marls  are  usually  very  pure 
lime  carbonates.  They  therefore  require  the  addition  of  con- 
siderable clay  to  bring  them  up  to  the  proper  composition  for  a 
Portland  cement  mixture. 

The  marls  are  readily  excavated,  but  necessarily  carry  a 
large  percentage  of  water.  The  mixture,  on  this  account,  is 
commonly  made  in  the  wet  way,  which  necessitates  driving  off 
a  high  percentage  of  water  in  the  kilns.  Analyses  of  typical 
marls  and  clays  are  given  in  the  following  tables: 
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ANALYSES  OF  MABL9  AND  CLAYS  USED  IN  CEMENT  PLANTS. 


M»rl. 


OlAJ. 


Silica 

Alumina 

Iron  oxide 

Lime  carbonate 

Macrnesiam  carbonate 


I 


0.25 

.10 

94.39 
.38 


3.0 


93.0 
15 


1  60 

1.55 

88.9 
.94 


40.48 

20.95 

25.80 
99 


I 


52.0 

17.0 

5.0 

20.0 


63.75 

16.40 

6.35 

4.0 

2  1 


•  ALKALI  WASTE. 

A  very  large  amount  of  waste  material  results  from  the  pro- 
cess used  at  alkali  works  in  the  manufacture  of  caustic  soda. 
This  waste  material  is  largely  a  precipitated  form  of  calcium 
carbonate,  and  if  it  is  suflSciently  free  from  impurities,  it  furnishes 
a  cheap  source  of  lime  for  use  in  Portland  cement  manufacture. 

The  availability  of  alkali  waste  for  this  purpose  depends 
largely  on  what  process  was  used  at  the  alkali  plant .  Leblanc 
process  waste,  for  example,  carries  a  very  large  percentage  of 
sulphides,  which  prevents  its  use  as  a  Portland  cement  material. 
Waste  resulting  from  the  use  of  the  ammonia  process  on  the 
other  hand,  is  usually  a  very  pure  mass  of  lime,  mostly  in  the 
form  of  carbonate,  though  a  little  lime  hydrate  is  commonly 
present.  As  pyrite  is  not  used  in  the  ammonia  process,  its 
waste  is  usually  low  enough  in  sulphur  to  be  used  as  a  cement 
material.  The  waste  may  carry  a  low  or  a  very  high  percentage 
of  magnesia,  according  to  the  character  of  the  limestone  that 
has  been  used  in  the  alkali  plant.  When  a  limestone  low  in 
magnesium  carbonate  has  been  used,  the  resulting  waste  is  a 
very  satisfactory  Portland  cement  material. 

The  following  analyses  are  fairly  representative  of  the  waste 
obtained  at  alkali  plants  using  the  ammonia  process: 

ANALYSES  OF  ALKALI  WASTE 


Silica  (SiOg) 

Alumina  ( AlaOg ) 

Iron  oxide  (PegO,) 

Lime  (CaO) 

Magnesia  (MgO) 

Alkalies  (Na,0,  K,0).... 
Sulphur  triozide  (SO,) . . . 

Sulphur  (S) 

Carbon  dioxide  (CO,) .'. . . 
Water  and  or&ranic  matter 


0.60 

1.75 

1.98 

1     3.04 

0.61 

1.41 
1.38 

53.33 

50.60 

48.29 

0.48 

5.35 

1.51 

0.20 

0.64 

0.64 

n.  d. 

n.  d. 

1.26 

n.  d. 

0.10 

n.  d. 

42.43 
n.  d. 

]    41.70 

39.60 
3  80 

[ 


0.98 

1  62 

50.40 
4.97 
0.50 
n.  d. 

0.06 
n.  d. 
n.  d. 
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Of  the  analyses  quoted  in  the  preceding  table,  those  in  the 
first  and  third  columns  represent  materials  which  are  actually 
used  in  Portland  cement  manufacture  in  England  and  the 
United  States.  The  alkali  wastes  whose  analyses  are  given  in 
the  second  and  fourth  columns  are  notably  too  high  in  magnesia 
to  be  advisable  for  such  use. 

BLAST  FURNACE  SLAG. 

True  Portland  cements,  which  must  be  sharply  distinguished 
from  the'slag  (or  puzzolan)  cements  described  on  later  pages 
of  this  report  can  be  made  from  mixtures  which  contain  blast 
furnace  slag  as  one  ingredient.  In  this  case  the  slag  is 
intimately  mixed  with  limestone  and  the  mixture  is  finely 
powdered.  It  is  then  burned  in  kilns  and  the  resulting  clinker 
pulverized. 

The  slags  from  iron  furnaces  consist  essentially  of  lime  (CaO), 
silica  (SiOa )  and  alumina  (AU  Os ),  though  small  percentages  of 
iron  oxide  (FeO),  magnesia  (MgO)  and  sulphur  (S),  are  com- 
monly present.  Slag  may,  therefore,  be  regarded  as  a  very  im- 
pure limestone  or  .a  very  calcareous  clay,  from  which  the  carbon 
dioxide  has  been  driven  off.  Two  plants  are  at  present  engaged 
in  the  manufacture  of  true  Portland  cement  from  slag,  in  the 
United  States. 

The  slag  used  at  a  German  Portland  cement  plant  has  the 
following  range  in  composition. 

COMPOSITION  OF  SLAG  U8BD  IK  PORTLAND  CEMENT  MANUFACTURE. 

Silica  (SiOa )  30.  35 . 

Alumina  (A1,0,) 10.  14. 

•  Iron  oxide  (FeO)  ; 0.2  1.2 

Lime  (CaO) 46.  49. 

Magnesia  (MgO) 0.5  3.5 

Sulphur  trioxide  (SO,) 0.2  0.6 

CLAYS  AND  SHALES. 

Clays  are  ultimately  derived  from  the  decay  of  older  rocks, 
the  finer  particles  resulting  from  this  decay  being  carried  off 
and  deposited  by  streams  along  their  channels,  in  lakes,  or 
along  parts  of  the  sea  coast  or  sea  bottom  as  beds  of  clay.  In 
chemical  composition  the  clays  are  composed  essentially  of 
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silica  and  alumina,  though  iron  oxide  is  almost  invariably 
present  in  more  or  less  amount,  while  lime,  magnesia,  alkalies 
and  sulphur  are  of  frequent  occurrence,  though  usually  in 
small  percentages. 

Shales  are  clays  which  have  become  hardened  by  pressure. 
The  so-called  "  fire  clays "  of  the  coal  measures  are  usually 
shales,  as  are  many  of  the  other  "clays  "  of  commerce. 

For  use  as  Portland  cement  materials  clays  or  shales  should 
be  as  free  as  possible  from  gravel  and  sand,  as  the  silica  present 
as  pebbles  or  grit  is  practically  inert  in  the  kiln  unless  ground 
more  finely  than  is  economically  practicable.  In  composition 
they  should  not  carry  less  than  55  per  cent  of  silica,  and 
preferably  from  60  to  70  per  cent.  The  alumina  and  iron  oxide 
together  should  not  amount  to  more  than  one-half  the  per- 
centage of  silica,  and  the  composition  will  usually  be  better 

SiO 
the  nearer  the  ratio  AU  0^  +  Fe2  Os  =  -q-*  is  approached. 

Nodules  of  lime  carbonate,  gypsum  or  pyrite,  if  present  in 
any  quantity,  are  undesirable;  though  the  lime  carbonate  is  not 
absolutely  injurious.  Magnesia  and  alkalies  should  be  low, 
preferably  not  above  three  per  cent. 

SLATE. 

Slate  is,  so  far  as  origin  is  conoerned,  merely  a  form  of  shale 
in  which  a  fine,  even  and  parallel  cleavage  has  been  developed 
by  pressure.  In  composition,  therefore,  it  will  vary  exactly  as 
do  the  shales,  and  so  far  as  composition  alone  is  concerned, 
slate  would  not  be  worthy  of  more  attention,  as  a  Portland 
cement  material,  than  any  other  shale. 

Commercial  considerations  in  connection  with  the  slate 
industry,  however,  make  slate  a  very  important  possible  source 
of  cement  material.  Good  roofing  slate  is  a  relatively  scarce 
material,  and  commands  a  good  price  when  found.  In  the 
preparation  of  roofing  slate  for  the  market  so  much  material  is 
lost  during  sawing,  splitting,  etc.,  that  only  about  ten  to 
twenty-five  per  cent  of  the  amount  quarried  is  salable  as  slate. 
The  remaining  seventy-five  to  ninety  per  cent  is  of  no  service 
to  the  slate  miner.  It  is  sent  to  the  dump  heap  and  is  a  con- 
tinual source  of  trouble  and  expense.    This  very  material, 
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however,  as  can  be  seen  from  the  analyses  quoted  below,  is 
often  admirable  for  use,  in  connection  with  limestone,  in  a 
Portland  cement  mixture.  A.s  it  is  a  waste  product,  it  could  be 
obtained  very  cheaply  by  the  cement  manufacturer. 


COMPOSITION  OP  AMERICAN  ROOFINO  SLATES. 


Maxlmtun 


Average. 


Minimum. 


Silica  (SiO,) 

Alumina  (A1,0,) 

Iron  oxides  (FeOi  PegOa) 

Lime   (CaO) 

Magnesia  (MgO) 

Alkalies  (KtO,  Na,0)... 
Perrons  sulphide  ( PeSs ) 
Carbon  dioxide  (COa)  — 
Water  of  combination . . 
Moisture,  below  IWC. . . 


68.62 

24.71 

10.66 

5.23 

6.43 

8.6S 


60.64 
18.05 
6.87 
1.54 
2.60 
4.74 
0.38 
1.47 
3.51 
0.62 


54.05 
9.77 
2.18 


0.12 
1.93 


Factors  Determining  the  Value  of  Deposits  of  Cement 

Materials. 

It  seems  desirable  to  give  a  somewhat  detailed  discussion 
of  the  factors  which  influence  the  value  of  limestone,  marl  or 
chalk  or  clay  for  Portland  cement  manufacture.  Determining 
the  possible  value,  for  Portland  cement  manufacture,  of  a  deposit 
of  raw  material  is  a  complex  problem,  since  the  value  depends 
upon  a  number  of  distinct  factors,  all  of  which  must  be  given 
due  consideration.    The  more  important  of  these  factors  are.- 

(1)  Chemical  composition  of  the  material. 

(2)  Physical  character  of  the  material. 

(3)  Amount  of  material  available. 

(4)  Location  of  the  deposit  with  respect  to  transportation 
routes. 

(5)  Location  of  the  deposit  with  respect  to  fuel  supplies. 

(6)  Location  of  the  deposit  with  respect  to  markets. 

METHODS  AND  COST  OF  EXCAVATION  OF  RAW  MATERIALS. 

The  natural  raw  materials  used  at  present  in  Portland  ce- 
ment manufacture  are  obtained  by  one  of  three  methods, — (a) 
quarrying,  (b)  mining,  and   (c)  dredging.     When  the  cement 
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manufacturer  is  given  an  opportunity  to  choose  between  these 
different  methods  of  excavation,  his  choice  will  depend  partly 
on  the  physical  character  of  the  material  to  be  excavated  and 
partly  on  the  topographic  and  geologic  conditions.  Usually, 
however,  there  is  no  opportunity  for  a  choice  of  methods,  for 
in  any  given  case  one  of  the  methods  will  be  so  evidently  the 
only  possible  mode  of  handling  the  material  as  to  leave  no 
room  for  other  considerations. 

The  three  different  methods  of  excavation  will  first  be 
briefly  considered,  after  which  the  cost  of  raw  materials  at  the 
mill  will  be  discussed. 

Quarrying,— In  the  following  pages  the  term  "  quarrying " 
will  be  used  to  cover  all  methods  of  obtaining  raw  materials 
from  open  excavations— quarries,  cuts  or  pits — whether  the 
material  excavated  be  a  limestone,  a  shale  or  a  clay.  Quarry- 
ing is  the  most  natural  and  common  method  of  excavating  the 
raw  materials  for  cement  manufacture.  If  marl,  which  is 
usually  worked  by  dredging,  be  excluded  fron^  consideration, 
it  is  probably  within  safe  limits  to  say  that  95  per  cent  of  the 
raw  materials  used  at  American  Portland  cement  plants  are 
obtained  by  quarrying.  If  marls  be  included,  the  percentages 
excavated  by  the  different  methods  would  probably  be  about  as 
follows:  Quarrying,  88  per  cent;  dredging,  10  per  cent;  mining, 
2  per  cent. 

In  the  majority  of  limestone  quarries  the  material  is  blasted 
out  and  loaded  by  hand  on  to  cars  or  carts.  In  a  few  limestone 
quarries  a  steam  shovel  is  employed  to  do  the  loading,  and  in 
shale  quarries  this  use  of  steam  shovels  is  more  frequent.  In 
certain  clay  and  shale  pits,  where  the  materials  are  of  suitable 
character,  the  steam  shovel  does  all  the  work,  both  excavating 
and  loading  the  raw  materials. 

The  rock  is  usually  shipped  to  the  mill  as  quarried  without 
any  treatment  except  sledging  it  to  a  convenient  size  for  load- 
ing. At  a  few  quarries,  however,  a  crushing  plant  is  installed 
at  the  quarry,  and  the  rock  is  sent  as  crushed  stone  to  the  mill. 
A  few  plants  also  have  installed  their  driers  at  the  quarry,  and 
dry  the  stone  before  shipping  it  to  the  mill.  Except  the  saving 
of  mill  space  thus  attained,  this  practice  seems  to  have  little 
to  commend  it. 
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Mining. — The  term  "mining"  will  be  used,  in  distinction 
from  "  quarrying,"  to  cover  methods  of  obtaining  any  kind  of 
raw  material  by  underground  workings,  through  shafts  or  tun- 
nels. Mining  is,  of  course,  rarely  employed  in  excavating 
materials  of  such  low  value  per  ton  as  the  raw  materials  for 
Portland  cement  manufacturp.  Occasionally,  however,  when  a 
thin  bed  of  limestone  or  shale  is  being  worked,  its  dip  will 
carry  it  under  such  a  thickness  of  other  strata  as  to  make 
mining  cheaper  than  stripping  and  quarrying,  for  that  particu- 
lar case. 

Mining  is  considerably  more  expensive  work  than  quarrying 
but  there  are  a  few  advantages  abo\it  it  that  serve  to  counter- 
balance the  greater  cost  per  ton  of  raw  material.  A  mine  can 
be  worked  steadily  and  economically  in  all  kinds  of  weather, 
while  an  open  cut  or  quarry  is  commonly  in  a  more  or  less 
unworkable  condition  for  about  three  months  of  the  year. 
Material  won  by  mining  is,  moreover,  always  dry  and  clean. 

Dredging. — The  term  "dredging"  will  be  here  used  to  cover 
all  methods  of  excavating  soft,  wet,  raw  materials.  The  fact 
that  the  materials  are  wet  implies  that  the  deposit  occurs  in  a 
basin  or  depression;  and  this  in  turn  implies  that  the  mill  is 
probably  located  at  a  higher  elevation  than  the  deposit  of  raw 
material,  thus  necessitating  up-hill  transportation  to  the  mill. 

The  only  raw  material  for  Portland  cement  manufacture  that 
is  extensively  worked  by  dredging,  in  the  United  States,  is 
marl.  Occasionally  the  clay  used  is  obtained  from  deposits 
overlain  by  more  or  less  water;  but  this  is  rarely  done  except 
where  the  marl  and  clay  are  interbedded  or  associated  in  the 
same  deposit. 

A  marl  deposit,  in  addition  to  containing  much  water  dif- 
fused throughout  its  mass,  is  usually  covered  by  a  more  or  less 
considerable  depth  of  water.  This  will  frequently  require  the 
partial  draining  of  the  basin  in  order  to  get  tracks  laid  near 
enough  to  be  of  service. 

In  dredging  marl  the  excavator  is  frequently  mounted  on  a 
barge,  which  floats  in  a  channel  resulting  from  previous  exca- 
vation. Occasionally,  in  deposits  which  either  were  originally 
covered  by  very  little  water  or  have  been  drained,  the  shovel  is 
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mounted  on  a  car,  running  on  tracks  laid  along  the  edge  of  the 
deposit. 

The  material  brought  up  by  the  dredge  may  be  transported 
to  the  mill  in  two  different  ways,  the  choice  depending  largely 
upon  the  manufacturing  processes  in  use  at  the  plant.  At 
plants  using  dome  or  chamber  kilns,  or  where  the  marl  is  to  be 
dried  before  sending  to  the  kiln,  the  excavated  marl  is  usually 
loaded  by  the  shovel  on  tars,  and  hauled  to  the  mill  by  horse  or 
steam  power.  At  normal  marl  plants,  using  a  very  wet  mix- 
ture, it  is  probable  that  the  second  method  of  transportation  is 
more  economical.  This  consists  of  dumping  the  marl  from  the 
excavator  into  tanks,  adding  sufScient  water  to  make  it  flow 
readily,  and  pumping  the  fluid  mixture  to  the  mill  in  pipes. 

OOST  OF  RAW  MATERIALS  AT  MILL. 

The  most  natural  way,  perhaps,  to  express  the  cost  of  the 
raw  materials  delivered  at  the  mill  would  be  to  state  it  as  being 
so  many  cents  per  ton  or  cubic  yard  of  raw  material,  and  this 
is  the  method  followed  by  quarry  men  or  miners  in  general.  To 
the  cement  manufacturer,  however,  such  an  estimate  is  not  so 
suitable  as  one  based  on  the  cost  of  raw  materials  per  ton  or 
barrel  of  finished  cement. 

In  the  case  of  hard  and  comparatively  dry  limestones  or 
shales,  it  may  be  considered  that  the  raw  material  loses  33^ 
per  cent  in  weight  on  burning.  Converting  this  relation  into 
pounds  of  raw  material  and  of  clinker  we  find  that  600  pounds 
of  dry  raw  material  will  make  about  four  hundred  pounds  of 
clinker.  Allowing  something  for  other  losses  in  the  process  of 
manufacture,  it  is  convenient  and  suflBciently  accurate  to  esti- 
mate that  600  pounds  of  dry  raw  material  will  give  one  barrel 
of  finished  cement.  These  estimates  must  be  increased  if  the 
raw  materials  carry  any  appreciable  amount  of  water.  Clays 
will  frequently  contain  15  percent  or  more  of  water,  while  soft 
chalky  limestones,  if  quarried  during  wet  weather,  may  carry  as 
high  as  15  to  more  than  20  per  cent.  A  Portland  cement  mix- 
ture composed  of  a  pure  chalky  limestone  and  a  clay  might, 
therefore,  average  10  to  20  per  cent  of  water,  and  consequently 
about  seven  hundred  pounds  of  such  a  mixture  would  be  re- 
quired to  make  one  barrel  of  finished  cement. 
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With  marls  the  loss  on  drying  and  burning  is  much  greater. 
Russell  states*  that  according  to  determinations  made  by  E.  D. 
Campbell,  one  cubic  foot  of  marl,  as  it  usually  occurs  in  the 
normal  deposits,  contains  about  forty-seven  and  one-half  pounds 
of  lime  carbonate  and  forty-eight  pounds  of  water.  In  making 
cement  from  a  mixture  of  marl  and  clay,  therefore,  it  would  be 
necessary  to  figure  on  excavating  and  transporting  more  than 
one  thousand  pounds  of  raw  material  for  every  barrel  of  finished 
cement. 

From  the  preceding  notes  it  will  be  understood  that  the  cost 
of  raw  materials  at  the  mill,  per  barrel  of  cement,  will  vary  not 
only  with  the  cost  of  excavation  but  with  the  kind  of  materials 
in  use. 

In  dealing  with  hard,  dry  materials,  extracted  from  open 
quarries  near  the  mills,  the  cost  of  raw  materials  may  vary 
between  eight  cents  and  fifteen  cents  per  barrel  of  cement. 
The  lower  figure  named  is  probably  about  the  lowest  attainable 
with  good  management  and  under  favorable  natural  conditions; 
the  higher  figure  is  probably  a  maximum  for  fairly  careful 
management  of  a  difficult  quarry  under  eastern  labor  condi- 
tions. When  it  is  necessary  to  mine  the  materials,  the  cost 
will  be  somewhat  increased.  Cement  rock  has  been  mined  at 
a  cost  equivalent  to  ten  cents  per  barrel  of  cement,  but  this 
figure  is  attained  under  particularly  favorable  conditions.  The 
cost  of  mining  and  transportation  may  reach  from  this  figure 
up  to  twenty  cents  per  barrel. 

With  regard  to  wet  marls  and  clays,  it  is  difficult  to  give  even 
an  approximate  estimate.  It  seems  probable,  however,  when 
the  dead  weight  handled  is  allowed  for,  that  these  soft  mate- 
rials will  cost  almost  as  much,  delivered  at  the  mill,  per  barrel 
of  finished  cement,  as  the  hard  dry  limestones  and  shales. 

Methods  of  Manufacture. 

If,  as  in  the  present  discussion,  we  exclude  from  consideration 
the  so-called  "natural  Portlands,"  Portland  cement  may  be  re- 
garded as  being  an  artificial  product,  obtained  by  burning  to 
semi-fusion  an  intimate  mixture  of  pulverized  materials,  this 

•22d  Ann.  Bept.,  U.  8.  Geol.  Bury.,  pt.  8,  p.  667. 
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mixture  containing  lime,  silica  and  alumina,  varying  in  propor- 
tion only  within  certain  narrow  limits;  and  by  crushing  finely 
the  clinker  resulting  from  this  burning. 

If  this  restricted  definition  of  Portland  cement  be  accepted, 
four  points  may  be  regarded  as  being  of  cardinal  importance  in 
its  manufacture.    These  are: 

(1)  The  cement  mixture  must  be  of  the  proper  chemical  com- 
position. 

(2)  The  materials  of  which  it  is  composed  must  be  carefully 
ground  and  intimately  mixed  before  burning. 

(3)  The  mixture  must  be  burned  at  the  proper  temperature. 

(4)  After  burning,  the  resulting  clinker  must  be  finely 
ground. 

The  first  named  of  these  points,  the  chemical  composition  of 
the  mixture,  can  be  more  advantageously  discussed  after  the 
other  three  points  have  been  disposed  of.  The  subjects  will 
therefore  be  taken  up  in  the  following  order: 

Preparation  of  the  mixture  for  the  kiln. 

Burning  the  mixture. 

Grinding  the  clinker,  addition  of  gypsum,  etc. 

Composition  and  properties  of  Portland  cement. 

PREPARATION  OF  THE  MIXTURE  FOR  THE  KILN. 

The  preparation  of  the  mixture  for  the  kiln  involves  the 
reduction  of  both  of  the  raw  materials  to  a  very  fine  powder, 
and  their  intimate  mixture.  In  practice  the  raw  materials  are 
usually  crushed  more  or  less  finely,  and  then  mixed,  after  which 
the  final  reduction  to  powder  takes  place.  Two  general 
methods  of- treatment,  the  dry  and  the  wet,  are  in  use  at  differ- 
ent plants.  Unless  the  limey  constituent  of  the  mixture  is  a 
marl,  already  full  of  water,  the  dry  method  is  almost  invariably 
followed.  This  consists  merely  in  keeping  the  materials  in  as 
dry  a  condition  as  possible  throughout  the  entire  process  of 
crushing  and  mixing;  and,  if  the  raw  materials  originally  con- 
tained a  little  moisture,  they  are  dried  before  being  powdered 
and  mixed.  In  the  wet  method,  on  the  other  hand,  the  mate- 
rials are  powdered  and  mixed  while  in  a  very  fluid  state,  con- 
taining sixty  per  cent  or  more  of  water. 
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Drying  the  raw  materials. — With  the  exception  of  the  marls 
and  clays  used  in  the  wet  method  of  manufacture,  Portland 
cement  materials  are  usually  dried  before  the  grinding  is  com- 
menced. This  is  necessary  because  the  raw  materials,  as  they 
come  from  the  quarry,  pit  or  mine,  will  almost  invariably  carry 
appreciable,  though  often  very  small,  percentages  of  water, 
which  greatly  reduces  the  eflBciency  of  most  modern  types  of 
grinding  mills,  and  tends  to  clog  the  discharge  screens. 

Percentage  of  water  in  raw  materials.  —The  percentage  of  water 
thus  carried  by  the  crude  raw  material  will  depend  largely  on 
the  character  of  the  material;  partly  on  the  method  of  hand- 
ling and  storing  it;  and  partly  on  weather  conditions. 

In  the  case  of  hard  limestones,  freshly  quarried,  the  water 
will  commonly  range  from  i  to  3  per  cent,  rarely  reaching  or 
exceeding  the  higher  figure  except  in  the  very  wet  quarries 
or  during  the  rainy  season.  Such  limestones,  comparatively 
dry  when  quarried,  are  frequently  sent  to  the  grinding  mills 
without  artificial  drying. 

With  the  soft,  chalky  limestones,  which  absorb  water  very 
rapidly,  the  percentage  can  usually  be  kept  down  to  5  per  cent 
or  less  in  dry  weather;  while  prolonged  wet  weather  may  ne- 
cessitate the  handling  at  the  mill  of  material  carrying  as  high 
as  15  to  20  percent  of  water. 

The  clays  present  a  much  more  complicated  case.  In  addi- 
tion to  the  hydroscopic  or  mechanically-held  water  that  they 
may  contain,  there  is  also  always  present  a  certain  percentage  of 
chemically  combined  water.  The  amount  of  hygroscopic  water 
present  will  depend  on  the  treatment  and  exposure  of  the  clay ; 
and  may  vary  from  1  percent  or  so  in  clays  which  have  been 
stored  and  air  dried  to  as  high  as  30  per  cent  in  fresh  clays. 
The  chemically  combined  water  will  depend  largely  on  the 
composition  of  the  clay,  and  may  vary  from  5  to  12  per  cent. 
The  hygroscopic  or  mechanically-held  water  of  clays  can  be 
driven  off  at  a  temperature  of  112  F.,  while  the  chemically 
combined  water  is  lost  only  at  a  low  red  heat.  The  total  water, 
therefore,  to  be  driven  off  from  clays  may  range  from  6  to  42 
per  cent,  depending  on  the  weather,  the  drainage  of  the  clay 
pit,  and  the  care  taken  in  preventing  unnecessary  exposure  to 


80  CEMENT   MATERIALS   OF   IOWA. 

moisture  of  the  excavated  clay.    The  average  total  amount  of 
moisture  will  probably  be  about  15  per  cent. 

In  dealing  with  shales,  the  mechanically-held  water  will 
rarely  rise  above  10  per  cent,  and  can  commonly  be  kept  well 
below  that  limit.  An  additional  2  to  7  per  cent  of  water  will 
be  carried,  by  any  shale,  in  a  state  of  chemical  combination. 

At  a  few  plants  marl  is  used,  with  clay,  in  a  dry  process.  As 
noted  elsewhere  the  marls,  as  excavated,  carry  usually  about 
50  percent  of  water.  This  case  presents  a  more  diflBcult  prob- 
lem than  do  the  other  raw  materials,  because  the  vegetable 
matter  usually  present  in  marls  is  extremely  retentive  of  water. 

It  will  be  seen,  therefore,  that  cement  materials  may  carry 
from  one  per  cent  to  fifty  per  cent  of  water  when  they  reach 
the  mill.  In  a  dry  process  it  is  necessary  to  remove  practically 
all  of  this  water  before  commencing  the  grinding  of  the 
materials.  One  reason  for  this  is  that  fine  pulverizing  can  not 
be  economically  or  satisfactorily  accomplished  unless  absolutely 
dry  material  is  fed  to  the  grinding  machinery.  Another 
reason,  which  is  one  of  convenience  rather  than  of  necessity, 
is  that  the  presence  of  water  in  the  raw  materials  complicates 
the  calculation  of  the  cement  mixture. 

Methods  and  costs  of  drying. — The  type  of  dryer  commonly 
used  in  cement  plants  is  a  cylinder  approximately  five  feet  in 
diameter  and  forty  feet  or  so  in  length,  set  at  a  slight  inclina- 
tion to  the  horizontal  and  rotating  on  bearings.  The  wet  raw 
material  is  fed  in  at  the  upper  end  of  the  cylinder,  and  it 
moves  gradually  toward  the  lower  end,  under  the  influence  of 
gravity,  as  the  cylinder  revolves.  In  many  dryers  angle  irons 
are  bolted  to  the  interior  in  such  a  way  as  to  lift  and  drop  the 
raw  material  alternately,  thus- exposing  it  more  completely  to 
the  action  of  the  heated  gases,  and  materially  assisting  in  the 
drying  process.  The  dried  raw  material  falls  from  the  lower 
end  of  the  cylinder  into  an  elevator  boot,  and  is  then  carried 
to  the  grinding  mills. 

The  drying  cylinder  is  heated  either  by  a  separate  furnace  or 
by  waste  gases  from  the  cement  kilns.  In  either  case  the 
products  of  combustion  are  introduced  into  the  cylinder  at  its 
lower  end,  are  drawn  through  it,  and  escape  up  a  stack  set  at 
the  upper  end  of  the  dryer. 
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The  dryer  above  described  is  the  simplest,  and  is  most  com- 
monly used.  For  handling  the  small  percentages  of  water 
contained  in  most  cement  materials  it  is  very  efficient,  but  for 
dealing  with  high  percentages  of  water,  such  as  are  encountered 
when  marl  is  to  be  used  in  a  dry  process,  it  seems  probable  that 
double  heating  dryers  will  be  found  more  economical.  This 
type  is  exemplified  by  the  Ruggles-Coles  dryer.  In  this  dryer 
a  double  cylinder  is  employed.  The  wet  raw  material  is  fed 
into  the  space  between  the  inner  and  outer  cylinders,  while  the 
heated  gases  pass  first  through  the  inner  cylinder,  and  then,  in 
a  reverse  direction,  through  the  space  betweeen  the  inner  and 
outer  cylindei's.  This  double  heating  type  of  dryer  is  employed 
in  almost  all  of  the  slag  cement  plants  in  the  United  States, 
and  is  also  in  use  in  several  Portland  cement  plants. 

When  vertical  kilns  were  in  use,  drying  floors  and  drying 
tunnels  were  extensively  used,  but  at  present  they  can  be  found 
in  only  a  few  plants,  being  everywhere  else  supplanted  by  the 
rotary  dryers. 

The  cost  of  drying  will  depend  on  the  cost  of  fuel,  the  per- 
centage of  water  in  the  wet  material  and  the  type  of  dryer. 
Even  under  the  most  unfavorable  conditions  five  pounds  of 
water  can  be  expected  to  be  evaporated  per  pound  of  coal  used, 
while  a  good  dryer  will  usually  evaporate  seyen  or  eight  pounds 
of  water  per  pound  of  coal. 

OBINDINO  AND  MIXINO— DRY  METHODS. 

Part,  at  least,  of  the  grinding  is  usually  accomplished  before 
the  drying,  but  for  convenience  the  subjects  have  been  sepa- 
rated in  the  present  paper.  Usually  the  limestone  is  sent 
through  a  crusher  at  the  quarry  or  mill  before  being  dried,  and 
occasionally  the  raw  material  is  further  reduced  in  a  Williams 
mill,  etc.,  before  drying,  but  the  principal  part  of  the  reduction 
always  takes  place  after  the  material  has  been  dried. 

After  the  two  raw  materials  have  been  separately  dried 
they  may  be  mixed  immediately,  or  each  may  be  further  re- 
duced separately  before  mixing.  Automatic  mixers,  of  which 
many  types  are  on  the  market,  give  a  mixture  in  proportions 
determined  upon  from  analysis  of  the  materials. 
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The  further  reduction  of  the  mixture  is  usually  carried  on  in 
two  stages,  the  material  being  ground  to  about  thirty  mesh  in  a 
ball  mill,  komminuter,  GriflBn  mill,  etc.,  and  finally  reduced  in  a 
tube  mill.  At  a  few  plants,  however,  single  stage  reduction  is 
practiced  in  GriflBn  or  Huntington  mills,  while  at  the  Edison 
plant  at  Ste warts ville,  New  Jersey,  the  reduction  is  ac- 
complished in  a  series  of  rollers. 

The  majority  of  plants  use  either  the  GriflBn  mill  and  tube 
mill  or  the  ball  and  tube  mills,  and  there  is  probably  little  dif- 
ference in  the  cost  of  operating  these  two  combinations.  The 
ball  mill  has  never  been  quite  as  much  of  a  success  as  its  com- 
panion, the  tube  mill,  and  has  been  replaced  at  several  plants 
by  the  komminuter 

Fineness  of  mixture. — After  its  final  reduction,  and  when 
ready  for  burning,  the  mixture  will  usually  run  from  90  to 
95  per  cent  through  a  100-mesh  sieve.  In  the  plants  of  the 
Lehigh  district  the  mixture  is  rarely  crushed  as  fine  as  when 
limestone  and  clay  are  used.  Newberry*  has  pointed  out  in 
explanation  for  this  that  an  argillaceous  limestone  (cement 
rock)  mixed  with  a  comparatively  small  quantity  of  purer 
limestone,  as  in  the  Lehigh  plants,  requires  less  thorough  mix- 
ing and  less  fine  grinding  than  when  a  mixture  of  limestone 
and  clay  (or  marl  and  clay)  is  used,  for  even  the  coarser  par- 
ticles of  the  argillaceous  limestone  will  vary  so  little  in  chem- 
ical composition  from  the  proper  mixture  as  to  affect  the  quality 
of  the  resulting  cement  but  little,  should  either  mixing  or 
grinding  be  incompletely  accomplished. 

A  very  good  example  of  typical  Lehigh  Valley  grinding  of 
raw  material  is  afforded  by  a  specimenf  examined  by  Prof,  E. 
D.  Campbell.  This  sample  of  raw  mixture  ready  for  burning  was 
furnished  by  one  of  the  best  of  the  eastern  Pennsylvania 
cement  plants.  A  mechanical  analysis  of  it  showed  the  fol- 
lowing results: 

*  Twentieth  Ann.  Rept.  U.  8.  Qeol.  Sott.,  pt.  6,  p.  645. 
f  Jour.  Amer.  Chem.  Soc. ,  vol.  25,  p.  1106. 
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Mesh  of  Sieve. 


60 


100  800 


Per  cent  passing^ 
Per  cent  residue 


96  9 
3  1 


85  6 
14.4 


72  4 
27.6 


The  material,  therefore,  is  so  coarsely  ground  that  only  a 
trifle  over  85  per  cent  passes  a  100-mesh  sieve. 

QRINOIt^Q  AND  MIXING  SLAOLIME8T0NE  MIXTURES. 

While  the  manufacture  of  Portland  cement  from  a  mixture 
of  slag  and  limestone  is  similar  in  general  theory  and  practice 
to  its  manufacture  from  a  limestone-clay  mixture,  certain 
interesting  differences  occur  in  the  preparation  of  the  mixture. 
In  the  following  paragraphs  the  general  methods  of  preparing 
mixtures  of  slag  and  limestone  for  use  in  Portland  cement 
manufacture  will  first  be  noted,  after  which  certain  processes 
peculiar  to  the  use  of  this  particular  mixture  will  be  described 
separately. 

General  methods.-- kiter  it  had  been  determined  that  the 
pozzuolanic  cement  made*  by  mixing  slag  with  lime  without 
subsequent  burning  of  the  mixture,  was  not  an  entirely 
satisfactory  structural  material,  attention  was  soon  directed 
toward  the  problem  of  making  a  true  Portland  cement  from 
such  a  slag.  The  blast  furnace  slags  commonly  available,  while 
carrying  enough  silica  and  alumina  for  a  cement  mixture,  are 
too  low  in  lime  to  be  suitable  for  Portland  cement.  Additional 
lime  must  be  added,  usually  in  the  form  of  limestone,  the  slag 
and  limestone  must  be  well  mixed  and  the  mixture  properly 
burned.  The  general  methods  for  accomplishing  the  proper 
mixture  of  the  materials  vary  in  details.  It  seems  probable 
that  the  first  method  used  in  attempting  to  make  a  true  Port- 
land cement  from  slag,  was  to  dump  the  proper  proportion  of 
limestone,  broken  into  small  lumps,  into  molten  slag.  The 
idea  was  that  both  mixing  and  calcination  could  thus  be  accom- 
plished in  one  stage;  but  in  practice  it  was  found  that  the 
resulting  cement  was  variable  in  composition  and  always  low 
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in  grade.  This  method  has  accordingly  fallen  into  disuse,  and 
at  present  three  different  general  processes  of  preparing  the 
mixture  are  practiced  at  different  European  and  American 
plants. 

(1)  The  slag  is  granulated,  dried,  and  ground,  while  the 
limestone  is  dried  and  ground  separately.  The  two  materials 
are  then  mixed  in  proper  proportions,  the  mixture  is  finely  pul- 
verized in  tube  mills,  and  the  product  is  fed  in  a  powdered 
state  to  rotary  kilns. 

(2)  The  slag  is  granulated,  dried,  and  mixed  with  slightly 
less  than  the  calculated  proper  amount*  of  limestone,  which  has 
been  previously  dried  and  powdered.  To  this  mixture  is  added 
sutBcient  powdered  slaked  lime  (about  2  to  6  per  cent)  to  bring 
the  mixture  up  to  the  correct  composition.  The  intimate  mix- 
ture and  final  reduction  are  then  accomplished  in  ball  and  tube 
mills.  About  8  per  cent  of  water  is  then  added,  and  the  slurry 
is  made  into  bricks,  which  are  dried  and  burned  in  a  dome  or 
chamber  kiln. 

(3)  Slag  is  granulated  and  mixed,  while  still  wet,  with  crushed 
limestone  in  proper  proportions.  This  mixture  is  run  through 
a  rotary  calciner,  heated  by  waste  kiln  gases,  in  which  the  tem- 
perature is  sufficient  not  only  to  dry  the  mixture,  but  also  to 
partly  powder  it,  and  to  reduce  most  of  the  limestone  to  quick- 
lime.   The  mixture  is  then  pulverized  and  fed  into  rotary  kilns. 

Of  the  three  general  processes  above  described  the  second 
is  unsuited  to  American  conditions.  The  first  and  third  are 
adapted  to  the  use  of  the  rotary  kiln.  The  third  seems  to  be 
the  most  economical,  and  has  given  remarkably  low  fuel  con- 
sumption in  practice,  but  so  far  has  not  been  taken  up  in  the 
United  States. 

.  Certain  points  of  manufacture  peculiar  to  the  use  of  mix- 
tures of  slag  and  limestone  will  now  be  described. 

Composition  of  the  slag. — The  slags  available  for  use  in  Port- 
land cement  manufacture  are  of  quite  common  occurrence  in 
iron-producing  districts.  Those  best  suited  for  such  use  are 
the  more  basic  blast-furnace  slags,  and  the  higher  such  slags 
run  in  lime  the  more  available  they  are  for  this  use.  The 
slags  utilized  will  generally  run  from  30  to  40  per  cent  lime. 
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The  presence  of  more  than  3  per  cent  or  so  of  magnesia  in  a  slag  is 
of  course  enough  to  render  its  use  as  a  Portland  cement  material 
inadvisable;  and  on  this  account  slags  from  furnaces  using 
dolomite  (magnesian  limestone)  as  a  flux,  are  unsuited  for  ce- 
ment manufacture.  The  presence  of  any  notable  percentage 
of  sulphur  is  also  a  drawback,  though,  as  will  be  later  noted, 
part  of  the  sulphur  in  the  slag  will  be  removed  during  the  pro- 
cesses of  manufacture. 

Granulation  of  slag , — If  slag  be  allowed  to  cool  slowly  it 
solidifies  into  a  dense,  tough  material,  which  is  not  readily  re- 
duced to  the  requisite  fineness  for  a  cement  mixture.  If  it  be 
cooled  suddenly,  however,  as  by  bringing  the  stream  of  molten 
slag  into  contact  with  cold  water,  the  slag  is  ''granulated,"  i.  e., 
it  breaks  up  into  small  porous  particles.  This  granulated  slag 
or  *'slag  sand''  is  much  more  readily  pulverized  than  a  slowly 
cooled  slag;  its  sudden  cooling  has  also  intensified  the  chemical 
activity  of  its  constituents  so  as  to  give  it  hydraulic  proper- 
ties, while  part  of  the  sulphur  contained  in  the  original  slag 
has  been  removed.  The  sole  disadvantage  of  the  process  of 
granulating  slag  is  that  the  product,  contains  20  to  40  per  cent 
of  water,  which  must  be  driven  off  before  the  granulated  slag  is 
sent  to  the  grinding  machinery. 

In  practice  the  granulation  of  the  slag  is  effected  by  directing 
the  stream  of  molten  slag  direct  from  the  furnace  into  a  sheet- 
iron  trough.  A.  small  stream  of  water  flows  along  this  trough, 
the  quantity  and  rate  of  flow  of  water  being  regulated  so  as  to 
give  complete  granulation  of  the  slag  without  using  an  excessive 
amount  of  water.  The  trough  may  be  so  directed  as  to  discharge 
the  granulated  slag  into  tanks  or  into  box  cars,  which  are  usu- 
ally perforated  at  intervals  along  the  sides  so  as  to  allow  part 
of  the  water  to  drain  off. 

Dry t/i/7  Me  .s/a^r.— As  above  noted,  the  granulated  slag  may 
carry  from  20  to  40  per  cent  of  water.  This  is  removed  by  treat- 
ing the  slag  in  rotary  driers.  In  practice  such  driers  give  an 
evaporation  of  eight  to  ten  pounds  of  water  per  pound  of  coal. 
The  practice  of  slag  drying  is  very  fully  described  in  Vol.  10  of 
the  Mineral  Industry,  pages  84-1)5,  where  figures  and  descrip- 
tions of  various  driers  are  also  given,  with  data  on  their  evapo- 
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rative  eflBcieucy.  As  noted  earlier  in  this  article,  one  of  the 
methods  of  manufacturinj^  Portland  cement  from  slags  puts  off 
the  dryinjj;  of  the  slag  until  after  it  has  been  mixed  with  the 
limestone,  and  then  accomplishes  the  drying  by  utilizing  waste 
heat  from  the  kilns.  Kiln  gases  could  of  course  be  used  any- 
way in  the  slag  driers,  but  it  so  happens  that  they  have  not 
been  so  used  except  in  plants  following  the  method  in  question. 

Grinding  the  slag. — Slag  can  be  crushed  with  considerable 
ease  to  about  50-mesh,  but  notwithstanding  its  apparent 
brittleness  it  is  difficult  to  grind  it  finer.  Until  the  introduc- 
tion of  the  tube  mill  it  was  almost  impossible  to  reduce 
this  material  to  the  fineness  necessary  for  a  cement  mixture, 
and  the  proper  grinding  of  the  slag  is  still  an  expensive  part  of 
the  process  as  compared  with  the  grinding  of  limestone,  shales 
or  clay. 

Composition  of  the  limestone.— ks  the  slag  carries  all  the  silica 
and  alumina  necessary  for  the  cement  mixture,  the  limestone 
to  be  added  to  it  should  be  simply  a  pure  lime  carbonate.  The 
limestone  used  for  flux  at  the  furnace  which  supplies  the  slag 
will  usually  be  found  to  be  of  suitable  composition  for  use  in 
making  up  the  cement  mixture. 

ECONOMICS  OF  USINQ  SLAGLIMBSTONB  MIXTURES. 

The  manufacture  of  a  true  Portland  cement  from  a  mixture 
of  slag  and  limestone  presents  certain  undoubted  advantages 
over  the  use  of  any  other  raw  materials,  while  it  has  also  a  few 
disadvantages. 

Probably  the  most  prominent  of  the  advantages  lies  in  the 
fact  that  the  most  important  raw  material — the  slag — can 
usually  be  obtained  more  cheaply  than  an  equal  amount  of 
natural  raw  material  could  be  quarried  or  mined.  The  slag  is 
a  waste  product,  and  a  troublesome  material  to  dispose  of,  for 
which  reasons  it  is  obtained  at  small  expense  to  the  cement 
plant.  Another  advantage  is  due  to  the  occurrence  of  the 
lime  in  the  slag  as  oxide,  and  not  as  carbonate.  The  heat 
necessary  to  drive  off  the  carbon  dioxide  from  an  equivalent 
mass  of  limestone  is  therefore  saved  when  slag  forms  part  of 
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the  cement  mixture,  and  very  low  consumption  is  obtained 
when  slag-limestone  mixture  is  burned. 

Of  the  disadvantages,  the  toughness  of  the  slag  and  the 
necessity  for  drying  it  before  grinding  are  probably  the  most 
important.  These  serve  to  partly  counterbalance  the  advan- 
tages noted  above.  A  third  difficulty,  which  is  not  always 
apparent  at  first,  is  that  of  securing  a  proper  supply  of  suitable 
slag.  Unless  the  cement  plant  is  closely  connected  in  owner- 
ship with  the  furnaces  from  which  its  slag  supply  is  to  be 
obtained,  this  difficulty  may  become  very  serious.  In  a  season 
when  a  good  iron  market 'exists  the  furnace  manager  will  natur- 
ally give  little  thought  to  the  question  of  supplying  slag  to  an 
independent  cement  plant. 

The  advantages  of  the  mixture,  however,  seem  to  outweigh 
its  disadvantages,  for  the  manufacture  of  Portland  cement 
from  slag  is  now  a  large  and  growing  industry  in  both  Europe 
and  America.  Two  Portland  cement  plants  using  slag  and 
limestone  as  raw  materials  have  been  established  for  some  time 
in  this  country,  several  others  are  in  course  of  construction  at 
present,  and  it  seems  probable  that  in  the  near  future  Alabama 
will  join  Illinois  and  Pennsylvania  as  an  important  producer  of 
Portland  cement  from  slag. 

QRINDINQ  AND  MIXING. -WBT  METHODS. 

Wet  methods  of  preparing  Portland  cement  mixtures  date 
back  to  the  time  when  millstones  and  similar  crude  grinding 
contrivances  were  in  use.  With  such  imperfect  machinery  it 
was  impossible  to  grind  dry  materials  fine  enough  to  give  a 
a  good  Portland  cement  mixture.  The  advent  of  good  grinding 
machinery  has  practically  driven  out  wet  methods  of  manufac- 
ture in  this  country,  except  in  dealing  with  materials  such  as 
marls,  which  naturally  carry  a  large  percentage  of  water.  One 
or  two  plants  in  the  United  States  do,  it  is  true,  deliberately 
add  water  to  a  limestone-clay  mixture;  but  the  effect  of  this 
practice  on  the  cost  sheets  of  these  remarkable  plants  is  not 
encouraging. 

In  preparing  cement  mixtures  from  marl  and  clay,  a  few 
plants  dry  both  materials  before  mixing.    It  seems  probable 
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that  this  practice  will  spread,  for  the  wet  method  of  mixture  is 
inherently  expensive.  At  present,  however,  almost  all  marl 
plants  use  wet  methods  of  mixing,  and  it  is  therefore  necessary 
to  give  some  space  to  a  discussion  of  such  methods. 

Certain  points  regarding  the  location,  physical  condition,  and 
chemical  composition  of  the  marls  and  clays  used  in  such  mix- 
tures have  important  effects  upon  the  cost  of  the  wet  process. 
As  regards  location,  considered  on  a  large  scale,  it  must  be 
borne  in  mind  that  marl  deposits  of  workable  size  occur  only 
in  the  Northern  States  and  in  Canada.  In  consequence  the 
climate  is  unfavorable  to  continuous  working  throughout  the 
year,  for  the  marl  is  usually  covered  with  water,  and  in  winter 
it  is  difiScult  to  secure  the  material.  In  a  minor  sense  location 
is  still  an  important  factor,  for  marl  deposits  necessarily  and 
invariably  are  found  in  depressions;  and  the  mill  must,  there- 
fore, just  as  necessarily,  be  located  at  a  higher  level  than  its 
source  of  raw  material,  which  involves  increased  expense  in 
transporting  the  raw  material  to  the  mill.. 

Glacial  clays,  which  are  usually  employed  in  connection  with 
marl,  commonly  carry  a  much  larger  proportion  of  sand  and 
pebbles  than  do  the  sedimentary  clays  of  more  southerly 
regions. 

The  effect  of  the  water  carried  by  the  marl  has  been  noted 
in  an  earlier  paper.  The  material  as  excavated  will  consist 
approximately  of  equal  weights  of  lime  carbonate  and  of 
wat^r.  This,  on  the  face  of  it,  would  seem  to  be  bad  enough 
as. a  business  proposition;  but  we  find  that  in  practice  more 
water  is  often  added  to  permit  the  marl  to.  be  pumped  to  the 
mill. 

On  the  arrival  of  the  raw  materials  at  the  mill  the  clay  is 
often  dried,  in  order  to  simplify  the  calculation  of  the  mixture. 
The  reduction  of  the  clay  is  commonly  accomplished  in  a  dis- 
integrator or  in  edge-runner  mills,  after  which  the  material  is 
further  reduced  in  a  pug  mill,  sufficient  water  being  here  added 
to  enable  it  to  be  pumped  readily.  It  is  then  ready  for 
mixture  with  the  marl,  which  at  some  point  in  its  course  has 
been  screened  to  remove  stones,  wood,  etc.,  as  far  as  possible. 
The  slurry  is  further  ground  in  pug  mills  or  wet  grinding  mills 
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of  the  disk  type;  while  the  final  reduction  takes  place  com- 
monly in  wet  tube  mills.  The  slurry,  now  containing  30  to  40 
per  cent  of  solid  matter  and  70  to  60  per  cent  of  water,  is 
pumped  into  storage  tanks,  where  it  is  kept  in  constant  agita- 
tion to  avoid  settling.  Analyses  of  the  slurry  are  taken  at  this 
point,  and  the  mixture  in  the  tanks  is  corrected  if  found  to  be 
of  unsatisfactory  composition.  After  standardizing,  the  slurry  . 
is  pumped  into  the  rotary  kilns.  Owing  to  the  large  percentage 
of  water  contained  in  the  slurry  the  fuel  consumption  per 
barrel  of  finished  cement  is  30  to  50  per  cent  greater,  and  the 
output  of  each  kiln  correspondingly  less  than  in  the  case  of  a 
dry  mixture.  This  point  will,  however,  be  further  discussed  in 
the  next  article  of  this  series. 

It  may  be  of  interest,  for  comparison  with  the  above  de- 
scription of  the  wet  process  with  rotary  kilns,  to  insert  a  descrip- 
tion of  the  semi-wet  process  as  carried  on  a  few  years  ago  at 
the  dome  kiln  plant  of  the  Empire  Portland  Cement  Company 
of  Warners,  N.  Y.  The  plant  has  been  remodeled  since  that 
date,  but  the  processes  formerly  followed  are  still  of  interest, 
as  they  resulted  in  a  high  grade  though  expensive  product. 

At  the  Empire  plant  the  marl  and  clay  are  obtained  from  a 
swamp  about  three-fourths  of  a  mile  from  the  mill.  A  revolv- 
ing derrick  with  clam-shell  bucket  was  employed  for  excavat- 
ing the  marl,  while  the  clay  was  dug  with  shovels.  The  ma- 
terials are  taken  to  the  works  over  a  private  narrow-gage  road, 
on  cars  carrying  about  three  tons  each,  drawn  by  a  small 
locomotive.  At  the  mill  the  cars  were  hauled  up  an  inclined 
track,  by  means  of  a  cable  and  drum,  to  the  mixing  floor. 

The  clay  was  dried  in  the  Cummer  "salamander"  driers,  after 
which  it  was  allowed  to  cool,  and  then  carried  to  the  mills. 
These  mills  were  thq  Sturtevant  "rock  emery"  type,  and  re- 
duced the  clay  to  a  fine  powder,  in  which  condition  it  was  fed, 
after  being  weighed,  to  the  mixer.  The  marl  was  weighed  and 
sent  directly  to  the  mixer,  no  preliminary  treatment  being' 
necessary.  The  average  charge  was  about  25  per  cent  clay  and 
about  75  per  cent  marl. 

The  mixing  was  carried  on  in  a  mixing  pan  twelve  feet  in  diam- 
eter, in  which  two  large  rolls,  each  about  five  feet  in  diameter  and 
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sixteen-inch  face,  ground  and  mixed  the  materials  thoroughly. 
The  mixture  was  then  sampled  and  analyzed,  after  which  it 
was  carried  by  a  belt  conveyor  to  two  pug  mills,  where  the 
mixing  was  completed  and  the  slurry  formed  into  slabs  about 
three  feet  long  and  four  to  five  inches  in  width  and  height. 
These  on  issuing  from  the  pug  mill  were  cut  into  a  number  of 
sections  so  as  to  give  bricks  about  six  inches  by  four  inches  by 
four  inches  in  size.  The  bricks  were  then  placed  on  slats,  which 
were  loaded  on  rack  cars  and  run  into  the  drying  tunnels.  The 
tunnels  were  heated  by  waste  gases  from  the  kilns  and  required 
from  twenty-four  to  thirty-six  hours  to  dry  the  bricks. 

After  drying,  the  bricks  were  fed  into  dome  kilns,  twenty  of 
which  were  in  use,  being  charged  with  alternate  layers  of  coke 
and  slurry  bricks.  The  coke  charge  for  a  kiln  was  about  four  or 
five  tons,  and  this  produced  twenty  to  twenty -six  tons  of  clinker 
at  each  burning,  thus  giving  a  fuel  consumption  of  about  20  per 
cent,  as  compared  with  the  40  per  cent  or  so  required  in  the  rotary 
kilns  using  wet  materials.  From  thirty-six  to  forty  hours  were 
required  for  burning  the  charge.  After  cooling,  the  clinker  was 
shoveled  out,  picked  over  by  hand,  and  reduced  in  a  Blake 
crusher,  Smidth  ball  mills,  and  Davidson  tube  mills. 

Composition  of  mixture. — The  cement  mixture  ready  for  burn- 
ing will  commonly  contain  from  74  to  77.5  per  cent  of  lime  car- 
bonate, or  an  equivalent  proportion  of  lime  oxide.  Several 
analyses  of  actual  cement  mixtures  are  given  in  the  following 
table.  Analysis  No.  1,  with  its  relatively  high  percentage  of 
magnesia,  is  fairly  typical  of  Lehigh  Valley  practice.  Analyses 
Nos.  2  and  3  show  mixtures  low  in  lime,  while  analysis  No.  4  is 
probably  the  best  proportion  of  the  four,  especially  in  regard  to 
the  ratio  between  silica  and  alumina  plus  iron.  This  ratio,  for 
ordinary  purposes,  should  be  about  3:1,  as  the  cement  becomes 
quicker  setting  and  low^er  in  ultimate  strength  as  the  percent- 
age of  alumina  increases.  If  the  alumina  percentage  be  carried 
too  high,  moreover,  the  mixture  will  give  a  fusible,  sticky 
clinker  when  burned,  causing  trouble  in  the  kilns. 
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ANALYSES  OF  CBMBNT  MIXTURES. 


1 

2 

3 

4 

Silica 

Alumiaa  and  iron  oxide 

Carbonate  of  lime 

12.1)2 
6.00 

75  46 
2  65 

13  46 

? 
73.66 

? 

13.85 

7.20 

73.93 

? 

14.77 

4.35 

76  84 

Magnesium  oxide 

1.74 

BURNING  THE  MIXTUKE 


After  the  cement  mixture  has  been  carefully  prepared,  as 
described  in  preceding  pages,  it  must  be  burned  with  equal  care. 

In  the  early  days  of  the  industry  a  simple  vertical  kiln,  much 
like  that  used  for  burning  lime  and  natural  cement,  was 
used  for  burning  the  Portland  cement  mixture.  These  kilns, 
while  fairly  efficient  so  far  as  fuel  consumption  was  con- 
cerned, were  expensive  in  labor,  and  their  daily  output  was 
small.  In  France  and  Germany  they  were  soon  supplanted  by 
improved  types,  but  still  stationary  and  vertical,  which  gave 
very  much  lower  fuel  consumption.  In  America,  however, 
where  labor  is  expensive  while  fuel  is  comparatively  cheap,  an 
entirely  different  style  of  kiln  has  been  evolved.  This  is  the 
rotary  kiln  With  the  exception  of  a  very  few  of  the  older 
plants,  which  have  retained  vertical  kilns,  all  American  Port- 
land cement  plants  are  now  equipped  with  rotary  kilns. 

The  history  of  the  gradual  evolution  of  the  rotary  kiln  is  of 
great  interest,  but  as  the  subject  can  not  be  taken  up  here,  ref- 
erence should  be  made  to  the  papers  cited  below*  in  which 
details,  accompanied  often  by  illustrations  of  early  types  of 
rotary  kilns,  are  given. 

''Oiiryee,  B. ,  The  first  mannfactare  of  Portland  cement  hy  the  direct  rotarj  kiln,  process. 
Engineering  News,  Jaly  26.  1900. 

Leslie,  R.  W. ,  History  of  the  Portland  cement  Industry  In  the  United  States,  140  pages,  Phil- 
adelphia, 190a 

Lewis,  K.  H.,  The  American  rotary  kiln  process  for  Portland  cement,  la  the  Cement  Indus- 
try, pp.  188-199.  New  York,  1900. 

Matthey,  H.,  The  Invention  of  the  new  cement  burning  method.  Bnglneerlng  and  Mining 
Jonrna],  Vol.  67,  pp.  655.  706,  1899. 

Stanger,  W.  H.,  and  Blount,  B.,  The  rotary  process  of  cement  manufacture.  Proc.  Institu- 
tion Olvll  BBglneers,  Vol.  145,  pp.  44-186,  1901. 

Editorial,  The  Influence  of  the  rotary  kiln  on  the  development  of  Portland  cement  manufac- 
ture in  America.    Ekiglneerlng  Newi),  May  8,  1900. 


92  CEMENT   MATERIALS  OP   IOWA. 

The  design,  construction  and  operation  of  the  vertical  sta- 
tionary kilns  of  various  types  is  discussed  in  many  reports  on 
Portland  cement,  the  most  satisfactory  single  paper  being  prob- 
ably that  referred  to  below.*  As  the  subject  is,  in  America  at 
least,  a  matter  of  simply  historical  interest,  no  description  of 
these  kilns  or  their  operation  will  be  given  in  the  present 
paper. 

At  present,  practice  in  burning  at  the  different  American 
cement  plants  is  rapidly  approaching  uniformity,  though  differ- 
ence in  materials,  etc.,  will  always  prevent  absolute  uniformity 
from  being  reached.  The  kiln  in  which  the  material  is  burned 
is  now  almost  invariably  of  the  rotary  type,  the  rotary  process 
which  is  essentially  American  in  its  development,  being  based 
upon  the  substitution  of  machines  for  hand  labor  wherever  pos- 
sible. A  brief  summary  of  the  process  will  first  be  given,  after 
which  certain  subjects  of  interest  will  be  taken  up  in  more 
detail. 

SUMMARY  or  BURNING  PROCESS 

As  at  present  used,  the  rotary  kiln  is  a  steel  cylinder  about 
six  feet  in  diameter;  its  length,  for  dry  materials,  has  usually 
been  sixty  feet,  but  during  the  past  year  many  eighty-foot  kilns 
have  been  built,  while  for  wet  mixtures  an  eighty-foot,  or  even 
longer,  kiln  is  frequently  employed. 

This  cylinder  is  set  in  a  slightly  inclined  position,  the  incli- 
nation being  approximately  one-half  inch  to  the  foot.  The  kiln 
is  lined,  except  near  the  upper  end,  with  very  resistant  fire 
brick,  to  withstand  both  the  high  temperature  to  which  its 
inner  surface  is  subjected  and  also  the  destructive  action  ot  the 
molten  clinker. 

The  cement  mixture  is  fed  in  at  i;he  upper  end  of  the  kiln, 
while  fuel  (which  may  be  either  powdered  coal,  oil,  or  gas)  is 
injected  at  its  lower  end.  The  kiln,  which  rests  upon  geared 
bearings,  is  slowly  revolved  about  its  axis.  This  revolution,  in 
connection  with  the  inclination  at  which  the  cylinder  is  set, 
gradually  carries  the  cement  mixture  to  the  lower  end  of  the 

'dcanger,  W.  H.,  andBlouQt,  B. ,  Gllberr,  W. ,  and  Candlot.  B.  (Dlscaasion  of  the  valne, 
design  and  resalts  obtained  from  varloos  types  of  fixed  kilns. )  Proc.  Instltntlon  Civil  Engineers, 
Vol.  145,  pp.  a,  a,  81,  82,  09,  luO.  1001. 
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kiln.  In  the  course  of  this  journey  the  intense  heat  generated 
by  the  burning  fuel  first  drives  off  the  water  and  carbon  dioxide 
from  the  mixture,  and  then  causes  the  lime,  silica,  alumina  and 
iron  to  combine  chemically  to  form  the  partially  fused  mass 
known  as  "  cement  clinker,"  This  clinker  drops  out  of  the  lower 
end  of  the  kiln,  is  cooled  so  as  to  prevent  injury  to  the  grinding 
machinery,  and  is  then  sent  to  the  grinding  mills. 

THEORETICAL  FUEL  REQUIREMENTS. 

As  a  preliminary  to  a  discussion  of  actual  practice  in  the 
matter  of  fuel,  it  will  be  of  interest  to  determine  the  heat  units 
and  fuel  theoretically  required  in  the  manufacture  of  Portland 
cement  from  a  dry  mixture  of  normal  composition. 

In  burning  such  a  mixture  to  a  clinker,  practically  all  of  the 
heat  consumed  in  the  operation  will  be  that  required  for  the  dis- 
sociation of  the  lime  carbonate  present  into  lime  oxide  and  car- 
bon dioxide.  Driving  off  the  water  of  combination  that  is 
chemically  held  by  the  clay  or  shale,  and  decomposing  any  cal- 
cium sulphate  (gypsum)  that  may  be  present  in  the  raw  mate- 
rials, will  require  a  small  additional  amount  of  heat.  The 
amount  required  for  these  purposes  is  not  accurately  known, 
however,  but  is  probably  so  small  that  it  will  be  more  or  less 
entirely  offset  by  the  heat  which  will  be  liberated  during  the 
combination  of  the  lime  with  the  silica  and  alumina.  We  may, 
therefore,  without  sensible  error,  regard  the  total  heat  theoret- 
ically required  for  the  production  of  a  barrel  of  Portland  cement 
as  being  that  which  is  necessary  for  the  dissociation  of  450 
pounds  of  lime  carbonate.  With  coal  of  a.  thermal  value  of 
13,500  B.  T.  U.,  burned  with  only  the  air  supply  demanded  by 
theory  this  dissociation  will  require  25i  pounds  of  coal  per  bar- 
rel of  cement,  a  fuel  consumption  of  only  6.6  per  cent. 

Losses  of  heat  in  practice. — In  practice  with  the  rotary  kiln, 
however,  there  are  a  number  of  distinct  sources  of  loss  of  heat, 
which  result  in  a  fuel  consumption  immensely  greater  than  the 
theoretical  requirements  given  above.  The  more  important  of 
these  sources  of  loss  are  the  following: 

1.  The  kiln  gases  are  discharged  at  a  temperature  much 
above  that  of  the  atmosphere,  ranging  from  300  F.  to  2,000^  F., 
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according  to  the  type  of  materials  used  and  the  length  of  the 
kiln. 

2.  The  clinker  is  discharged  at  a  temperature  varying  from 
300'^  F.  to  2,500°  F.,  the  range  depending,  as  before,  on  materials 
and  length  of  the  kiln. 

3.  The  air  supply  injected  into  the  kiln  is  always  greater, 
and  usually  very  much  greater,  than  thiat  required  for  the  per- 
fect combustion  of  the  fuel ;  and  the  available  heating  power 
of  the  fuel  is  thereby  reduced. 

4.  Heat  is  lost  by  radiation  from  the  ends  and  exposed  sur- 
faces of  the  kiln. 

5.  The  mixture,  in  plants  using  a  wet  process,  carries  a  high 
percentage  of  water,  which  must  be  driven  off. 

It  is  evident,  therefore,  that  present-day  working  conditions 
serve  to  increase  greatly  the  amount  of  fuel  actually  necessary 
for  the  production  of  a  barrel  of  cement  above  that  required  by 
theory. 

Actual  fuel  requirements  and  output. — Rotary  kilns  are  nomi- 
nally rated  at  a  production  of  200  barrels  per  day  per  kiln. 
Even  on  dry  and  easily  clinkered  materials  and  with  good  coal, 
however,  such  an  output  is  not  commonly  attained.  Normally 
a  kiln  working  a  dry  mixture  will  produce  from  160  to  ISO  bar- 
rels of  ceruent  per  day  of  twenty-four  hours.  In  doing  this,  if 
good  coal  is  used  its  fuel  consumption  will  commonly  be  from 
120  to  140  pounds  of  coal  per  barrel  of  cement,  though  it  may 
range  as  high  as  160  pounds,  and,  on  the  other  hand,  has  fallen 
as  low  as  90  pounds.  An  output  of  175  ban-els  per  day,  with  a 
C04I  consumption  of  130  pounds  per  barrel,  may  therefore  be 
considered  as  representing  the  results  of  fairly  good  practice  on 
dry  materials.  In  dealing  with  a  wet  mixture,  which  may  carry 
anywhere  from  30  to  70  per  cent  of  water,  the  results  are  more 
variable,  though  always  worse  than  with  dry  materials.  In 
working  a  sixty-foot  kiln  on  a  wet  material,  the  output  may  range 
from  80  to  140  barrels  per  day,  with  a  fuel  consumption  of  from 
150  to  230  pounds  per  barrel.  Using  a  longer  kiln,  partly  dry- 
ing the  mixture,  and  utilizing  waste  heat,  will  of  course  improve 
these  figures  materially. 
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When  the  heavy  Western  oils  are  used  for  kiln  fuel,  it  may 
be  considered  that  one  gallon  of  oil  is  equivalent  in  the  kiln  to 
about  ten  pounds  of  coal.  The  fuel  consumption,  using  dry 
materials  will  range  between  eleven  and  fourteen  gallons  of  oil 
per  barrel  of  cement;  but  the  output  per  day  is  always  some- 
what less  with  oil  fuel  than  where  coal  is  used. 

Natural  gas  in  the  kiln  may  be  compared  with  good  Penn- 
sylvania coal  by  allowing  about  20,000  to  30,000  cubic  feet  of 
gas  as  equivalent  to  a  ton  of  coal.  This  estimate  is,  however, 
based  upon  too  little  data  to  be  as  close  as  those  above  given 
for  oil  or  coal. 

Effect  of  com  posit  mi  on  burning. — The  differences  in  composi- 
tion between  Portland  cement  mixtures  are  very  slight  if  com- 
pared, for  example,  to  the  differences  between  various  natural 
cement  rocks.  But  even  such  slight  differences  as  do  exist 
exercise  a  very  appreciable  effect  on  the  burning  of  the  mixture. 
Other  things  being  equal,  any  increase  in  the  percentage  of 
lime  in  the  mixture  will  necessitate  a  higher  temperature  in 
order  to  get  an  equally  sound  cement.  A  mixture  which  will 
give  a  cement  carrying  59  per  cent  of  lime,  for  example,  will 
require  much  less  thorough  burning  than  would  a  mixture 
designed  to  give  a  cement  with  64  per  cent  of  lime. 

With  equal  lime  percentages,  the  cement  carrying  high  silica 
and  low  alumina  and  iron  will  require  a  higher  temperature 
than  if  it  were  lower  in  silica  and  higher  in  alumina  and  iron. 
But,  on  the  other  hand,  if  the  alumina  and  iron  are  carried  too 
high,  the  clinker  will  ball  up  in  the  kiln,  forming  sticky  and 
unmanageable  masses. 

Charade?'  of  kiln  coal. — The  fuel  most  commonly  used  in  mod- 
ern rotary  kiln  practice  is  bituminous  coal,  pulverized  very 
finely.  Coal  for  this  purpose  should  be  high  in  volatile  matter, 
and  as  low  in  ash  and  sulphur  as  possible.  Russell  gives  the 
following  analyses  of  West  Virginia  and  Pennsylvania  coals 
used  at  present  at  various  cement  plants  in  Michigan. 
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1 

2 

3 

4 

Fixed  carbon 

56.15 

35.41 

6.36 

2  08 

1.30 

56.33 

35.26 

7.06 

1.35 

1.34 

55.82 

39.37 

3.81 

1.00 

0.42 

51.69 

Volatile  matter 

39.52 

Ash 

6.13 

Moisture 

Sulohur 

1.40 
1.46 

The  coal  as  usually  bought  is  either  **  slack ''  or  "  run  of  mine." 
In  the  latter  case  it  is  necessary  to  crush  the  lumps  before  pro- 
ceeding further  with  the  preparation  of  the  coal,  but  with  slack 
this  preliminary  crushing  is  not  necessary,  and  the  material  can 
go  directly  to  the  dryer. 

Drying  coal. — Coal  as  bought  may  carry  as  high  as  15  per 
cent  of  water  in  winter  or  wet  season.  Usually  it  will  run 
from  3  to  8  per  cent.  To  secure  good  results  from  the  crushing 
machinery  it  is  necessary  that  this  water  should  be  driven  off. 
For  coal  drying,  as  for  the  drying  of  raw  materials,  the  rotary 
dryer  seems  best  adapted  to  American  conditions.  It  should  be 
said,  however,  that  in  drying  coal  it  is  usually  considered  inad- 
visable to  allow  the  products  of  combustion  to  pass  through  the 
cylinder  in  which  the  coal  is  being  dried.  This  restriction 
serves  to  decrease  slightly  the  possible  economy  of  the  dryer, 
but  an  evaporation  of  six  to  eight  pounds  of  water  per  pound  of 
fuel  coal  can  still  be  counted  on  with  any  good  dryer.  The  fuel 
cost  of  drying  coal  containing  8  per  cent  of  moisture,  allowing 
$2  per  ton  for  the  coal  used  as  fuel,  will  therefore  be  about  three 
to  four  cents  per  ton  of  dried  product. 

Pulverizing  coal, — Though  apparently  brittle  enough  when  in 
large  lumps,  coal  is  a  diflBcult  material  to  pulverize  finely.  For 
cement  kiln  use,  the  fineness  of  reduction  is  very  variable.  The 
finer  the  coal  is  pulverized  the  better  results  will  be  obtained 
from  it  in  the  kiln;  and  the  poorer  the  quality  of  the  coal  the 
finer  it  is  necessary  to  pulverize  it.  The  fineness  attained  in 
practice  may  therefore  vary  from  85  per  cent,  through  a  100- 
mesh  sieve,  to  95  per  cent  or  more,  through  the  same.  At  one 
plant  a  very  poor  but  cheap  coal  is  pulverized  to  pass  98  per 


« 


98  OEMBNT   MATBBIAL8  OP  IOWA. 

cent  through  a  lOO-mesh  sieve,  and  in  consequence  gives  very 
good  results  in  the  kill. 

Coal  pulverizing  is  usually  carried  on  in  two  stages,  the  ma- 
terial being  first  crushed  to  20  to  30-mesh  in  a  Williams  mill  or 
ball  mill,  and  finally  reduced  in  a  tube  mill.  At  many  plants, 
however,  the  entire  reduction  takes  place  in  one  stage,  GriflSn 
or  Huntington  mills  being  used. 

Total  cost  of  coal  preparation. — The  total  cost  of  crushing  (if 
necessary),  drying  and  pulverizing  coal,  and  of  conveying  and 
feeding  the  product  to  the  kiln,  together  with  fair  allowances 
for  replacements  and  repairs,  and  for  interest  on  the  plant,  will 
probably  range  from  about  twenty  to  thirty  cents  per  ton  of 
dried  coal,  for  a  4-kiln  plant.  This  will  be  equivalent  to  a  cost 
of  from  three  to  five  cents  per  barrel  of  cement.  While  this 
may  seem  a  heavy  addition  to  the  cost  of  cement  manufacture, 
it  should  be  remembered  that  careful  drying  and  fine  pulver- 
izing enable  the  manufacturer  to  use  much  poorer — and  there- 
fore cheaper— grades  of  coal  than  could  otherwise  be  utilized. 

« 

CLINKER  GRINDING. 

The  power  and  machinery  required  for  pulverizing  the  clinker 
at  a  Portland  cement  plant  using  the  dry  process  of  manufac- 
ture is  very  nearly  the  same  as  that  required  for  pulverizing  the 
raw  materials  for  the  same  output.  This  may  seem,  at  first 
sight,  improbable,  for  Portland  cement  clinker  is  much  harder 
to  grind  than  any  possible  combination  of  raw  materials;  but  it 
must  be  remembered  that  for  every  barrel  of  cement  produced 
about  600  pounds  of  raw  materials  must  be  pulverized,  while 
only  a  scant  400  pounds  of  clinker  will  be  treated,  and  that  the 
large  crushers  required  for  some  raw  materials  can  be  dispensed 
with  in  crushing  clinker.  With  this  exception,  the  raw  mate- 
rial side  and  the  clinker  side  of  a  dry-process  Portland  cement 
plant  are  usually  almost  or  exactly  duplicates. 

The  difficulty,  and  in  consequence  the  expense,  of  grinding 
clinker  will  depend  in  large  part  on  the  chemical  composition 
of  the  clinker  and  on  the  temperature  at  which  it  has  been 
burned.  The  diflBculty  of  grinding,  for  example,  increases  with 
the  percentage  of  lime  carried  by  the  clinker;  and  a  clinker 
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containing  64  per  cent  of  lime  will  be  very  noticeably  more  re- 
sistant to  pulverizing  than  one  carrying  62  per  cent  of  lime.  So 
far  as  regards  burning,  it  may  be  said  in  general  that  the  more 
thoroughly  burned  the  clinker  the  more  diflBcult  it  will  be  to 
grind,  assuming  that  its  chemical  composition  remains  the  same. 

The  tendency  among  engineers  at  present  is  to  demand  more 
finely  ground  cement.  While  this  demand  is  doubtless  justified 
by  the  results  of  comparative  tests  of  finely  and  coarsely  ground 
cements,  it  must  be  borne  in  mind  that  any  increase  in  fineness 
of  grinding  means  a  decrease  in  the  product  per  hour  of  the 
grinding  mills  employed,  and  a  consequent  increase  in  the  cost 
of  cement.  At  some  point  in  the  process,  therefore,  the  gain  in 
strength  due  to  fineness  of  grinding  will  be  counterbalanced  by 
the  increased  cost  of  manufacturing  the  more  finely  ground 
product. 

The  increase  in  the  required  fineness  has  been  gradual  but 
steady  during  recent  years.  Most  specifications  now  require  at 
least  90  per  cent  to  pass  a  100-mesh  sieve;  a  number  require  92 
per  cent;  while  a  few  important  specifications  require  95  per 
cent.  Within  a  few  years  it  is  probable  that  almost  all  specifi- 
cations will  go  as  high  as  this. 

ADDITION  OF  QYPSUM. 

The  cement  produced  by  the  rotary  kiln  is  invariably  natu- 
rally so  quick-setting  as  to  require  the  addition  of  sulphate  of 
lime.  This  substance,  when  added  in  quantities  up  to  2^  or  3 
per  cent,  retards  the  rate  of  set  of  the  cement  proportionately, 
and  appears  to  exert  no  injurious  influence  on  the  strength  of 
the  cement.  In  amounts  above  3  per  cent,  however,  its  retarding 
influence  seems  to  become  at  least  doubtful,  while  a  decided 
weakening  of  the  cement  is  noticeable. 

Sulphate  of  lime  may  be  added  in  one  of  two  forms;  either  as 
crude  gypsum  or  as  burned  plaster.  Crude  gypsum  is  a  natural 
hydrous  lime  sulphate,  containing  about  80  per  cent  of  lime  sul- 
phate and  20  per  cent  of  water.  When  gypsum  is  calcined  at 
temperatures  not  exceeding  400°  F.,  most  of  its  contained  water 
is  driven  off.  The  "plaster"  remaining  carries  about  93  per 
cent  of  lime  sulphate,  with  only  7  per  cent  of  water. 
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In  Portland  cement  manufacture  either  gypsum  or  burned 
plaster  may  be  used  to  retard  the  set  of  the  cement.  As  a 
matter  of  fact,  gypsum  is  the  form  almost  universally  employed 
in  the  United  States.  This  is  merely  a  question  of  cost.  It  is 
true,  that  to  secure  the  same  amount  of  retardation  of  set  it 
will  be  necessary  to  add  a  little  more  of  gypsum  if  burned  plaster 
were  used;  but,  on  the  other  hand,  gypsum  is  much  cheaper 
than  burned  plaster. 

The  addition  of  the  gypsum  to  the  clinker  is  usually  made 
before  it  has  passed  into  the  ball  mill,  komminuter,  or  what- 
ever mill  is  in  use  for  preliminary  grinding.  Adding  it  at  this 
point  secures  much  more  thorough  mixing  and  pulverizing 
than  if  the  mixture  were  made  later  in  the  process.  At  some 
of  the  few  plants  which  use  plaster  instead  of  gypsum,  the 
finely  ground  plaster  is  not  added  until  the  clinker  has  received 
its  final  grinding  and  is  ready  for  storage  or  packing. 

Oonstitution  of  Portland  Cement. 

During  recent  years  much  attention  has  been  paid  by  various 
investigators  to  the  constitution  of  Portland  cement.  The 
chemical  composition  of  any  particular  sample  can,  of  course, 
be  readily  determined  by  analysis;  and  by  comparison  of  a 
number  of  such  analyses,  general  statements  can  be  framed  as 
to  the  range  in  composition  of  good  Portland  cements. 

The  chemical  analysis  will  determine  what  ingredients  are 
present,  and  in  what  percentages,  but  other  methods  of  investi- 
gation are  necessary  to  ascertain  in  what  manner  these  various 
ingredients  are  combined.  A  summary  only  of  the  more  im- 
portant results  brought  out  by  these  investigations  on  the  con- 
stitution of  Portland  cement  will  be  given  in  this  place. 

It  would  seem  to  be  firmly  established  that,  in  a  well  burned 
Portland  cement,  much  of  the  lime  is  combined  with  most  of 
the  silica  to  form  the  compound  3CaO,  Si02 , — tricalcic  silicate. 
To  this  compound  is  ascribed,  in  large  measure,  the  hydraulic 
properties  of  the  cement,  and  in  general  it  may  be  said  that  the 
value  of  a  Portland  cement  increases  directly  as  the  proportion 
of  3CaO,  Si02.  The  ideal  Portland  cement,  toward  which 
cements  as  actually  made  tend  in  composition,  would  consist 
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exclusively  of  tricalcic  silicate,  and  would  be,  therefore,  com- 
posed entirely  of  lime  and  silica,  in  the  following  proportions: 

Lime  iCaO) 73.6 

Silica  (SiO,) 26.4 

Such  an  ideal  cement,  however,  can  not  be  manufactured 
under  present  commercial  conditions,  for  the  heat  required  to 
clinker  such  a  mixture  can  not  be  attained  in  any  working  kiln. 
Newberry  has  prepared  such  mixtures  by  using  the  oxy-hydro- 
gen  blowpipe;  and  the  electrical  furnace  will  also  give  clinker 
of  this  composition;  but  a  pure  lime-silica  Portland  is  not  pos- 
sible under  present  day  conditions. 

In  order  to  prepare  Portland  cement  in  actual  practice,  there- 
fore, it  is  necessary  that  some  other  ingredient  or  ingredients 
should  be  present  to  serve  as  a  flux  in  aiding  the  combination 
of  the  lime  and  silica,  and  such  aid  is  afforded  by  the  presence 
of  alumina  and  iron  oxide. 

Alumina  (AI2  Oa )  and  iron  oxide  (Fei  Os ),  when  present  in 
noticeable  percentages,  serve  to  reduce  the  temperature  at 
which  combination  of  the  lime  and  silica  (to  form  3  CaO,  SiOa ) 
takes  place;  and  this  clinkering  temperature  becomes  further 
and  farther  lowered  as  the  percentages  of  alumina  and  iron  are 
increased.  The  strength  and  value  of  the  product,  however, 
also  decrease  as  the  alumina  and  iron  increase;  so  that  in  actual 
practice  it  is  necessary  to  strike  a  balance  between  the  advan- 
tage of  low  clinkering  temperature  and  the  disadvantage  of 
weak  cement,  and  to  thus  determine  how  much  alumina  and 
iron  should  be  used,  in  the  mixture.  This  point  will  be  further 
discussed  in  later  pages. 

It  is  generally  considered  that  whatever  alumina  is  present 
in  the  cement  is  combined  with  part  of  the  lime  to  form  the 
compound  2  CaO,  AI2  Os , — dicalcic  aluminate.  It  is  also  held  by 
some,  but  this  fact  is  somewhat  less  firmly  established  than  the 
last,  that  the  iron  present  is  combined  with  the  lime  to  form 
the  compound  2  CaO,  Fe2  Os  •  For  the  purposes  of  the  present 
paper  it  will  be  sufficient  to  say  that,  in  the  relatively  small 
percentages  in  which  iron  occurs  in  Portland  cement,  it  may 
for  convenience  be  considered  as  entirely  equivalent  to  alumina 
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and  its  action,  and  the  two  may  be  calculated  together.  When 
alumina  is  named  in  this  paper,  therefore,  it  will  be  under- 
stood to  include  any  iron  that  may  be  present. 
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BY   H.    FOSTER  BAIN. 

Oeneral  Statement. 

Materials  capable  of  furnishing  the  silica  and  alumina  nec- 
essary to  the  manufacture  of  Portland  cement  are  widespread, 
and  the  location  of  new  plants  is  apt  to  be  determined  by 
the  presence  of  suitable  calcareous  deposits  and  favorable  in- 
dustrial conditions.  Iowa  affords  no  exception  to  these  gen- 
eral rules.  In  practically  all  parts  of  the  state  there  are  shales 
or  clays  which  might  if  necessary  be  used  as  one  of  the  con- 
stitilBnts  of  a  cement  mixture.  The  indurated  rocks  from  the 
Ordovician  to  the  Cretaceous  afford  shales  of  wide  distribution 
and  excellent  character.  The  surface  formations  supplement 
these  resources  with  loess,  alluvium,  and  certain  minor  bodies 
of  water-laid  clay  of  glacial  derivation.  The  shales  and  the 
clays  have  been  extensively  studied  and  a  special  report  upon 
them  by  Dr.  S.  W.  Beyer  was  published  in  1904.  For  present 
purposes  it  will  suflBce  to  say  that  such  material  suitable  for  use 
in  the  manufacture  of  Portland  cement  can  be  found  at  almost 
every  point  in  the  state  where  other  conditions  are  favorable 
to  its  production. 

The  calcareous  constituent  of  cements  is  most  commonly 
derived  from  marls,  chalk  and  limestone.  All  these  occur 
within  the  state  though  they  are  of  very   unequal  importance. 

CALCAREOUS  MARLS. 

Marls  are  extensively  used  at  several  points  in  the  United 
States  in  the  manufacture  of  cement.    The  large  cement  in- 
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dustry  of  Michigan  in  particular  is  founded  upon  the  occur- 
rence within  that  state  of  extensive  deposits  of  calcareous  marl 
in  the  shallow  lakes  of  the  lower  peninsula*.  Similar  marls 
are  used  in  New  Jersey  and  Ohio.  The  lakes  in  which  the 
marl  occurs  are  located  within  the  area  covered  by  the  Wis- 
consin  drift,  and  similar  lakes  are  particularly  characteristic  of 
such  areas.  In  Iowa  the  north  central  portion  of  the  state  is 
covered  by  drift  of  Wisconsin  agef  and  is  dotted  with  small 
shallow  lakes  resembling  in  appearance  and  genesis  those  of 
Michigan.  From  time  to  time  small  amounts  of  marl  have 
been  reported  from  this  area  and  while  so  far  no  bodies  of  com- 
mercial importance  have  been  located  it  is  not  impossible  that 
such  may  be  found. 

CHALK  DEPOSITS. 

The  Cretaceous  deposits  which  cover  the  western  third  of 
Iowa  include  important  bodies  of  chalk.  With  but  two  excep- 
tions, both  of  which  are  unimportant,  outcrops  of  the  chalk 
beds  are  confined  to  the  valley  of  the  Big  Sioux  river  between 
Sioux  City  and  Ha  warden.  The  chalk  beds  received  some 
attention  in  the  course  of  the  early  geological  surveys  of  the 
region  and  have  been  recently  restudied  by  Calvin,  X  Bain  § 
and  Wilder  \]. 

The  chalk  forms  prominent  bluffs  at  intervals  and  may  be 
well  seen  near  Westfield,  Akron  and  Hawarden.  It  was  referred 
to  the  Niobrara  formation  until  Wilder  discovered  fossils  char- 
acteristic of  the  Benton  in  the  shale  above.  This  proves  it  to 
be  the  equivalent  of  the  "Oyster  Shell  Rim"  of  the  Black  Hills 
or  the  Graneros  limestone.  A  thickness  of  twenty  to  thirty 
feet  is  ordinarily  seen  in  individual  exposures,  but  a  total  thick- 
ness of  fifty  feet  is  probably  present.  A  generalized  section 
may  be  given  as  follows: 

*  Raaeell,  I.  C,  Portland  Cement  Industry  in  Michigan,  22nd  Ann.  Bept.  U.  8.  Qeol.  Bury., 
pt.  iii,  pp.  636-686. 

fdee  Plate  11  Iowa  Qeol.  Sary.,  Vol.  XI,  1000. 

I  Calvin,  8.,  Cretaceoos  Deposits  of  Woodbnrj  and  Plymouth  Counties,  etc.,  Iowa  Geol. 
8urv.,  Vol.  I,  pp.  147-181,  1898. 

$  Bain,  H.  F. ,  Cretaoeons  Deposits  of  the  Sioux  Valley,  Iowa  Qeol.  Sury. ,  Vol.  Ill,  pp. 
101-114,  1896:  Geology  of  Woodbury  County,  Ibid,  Vol.  V..  pp.  278-276,  296-296,  1896i  Oeology  of 
Plynkouth  County.  Ibid,  Vol.  VIII,  pp.  864-360.  1896. 

il  Wilder,  F.  ▲. ,  Geology  of  Lyon  and  Sioux  Counties,  Iowa  Qeol.  Suv. ,  Vol.  X,  pp.  Ill 
U6.  161-162   190a 
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Section  of  Ckalk  Beds, 

FBBT. 

3.     Chalk 4to6 

2.    Limestone,  soft,  splitting  into  thin  slabs  and  crowded 

with  shells  of  Inoceramua 12 

1.    Chalk 12 

The  interbanding  of  thin  bedded  limestone  and  the  chalk  is 
quite  characteristic.  Both  materials  are  soft  and  grind  easily. 
Almost  no  magnesia  is  present,  as  is  shown  by  the  following 
analyses,  and  in  some  instances  the  chalk  beds  themselves 
carry  enough  or  more  than  enough  clay  to  make  a  good  cement 
mixture.  In  all  cases  excellent  clays  occur  immediately  above 
or  below.  The  clays  are  now  being  used  at  Sioux  City  and 
elsewhere  in  the  manufacture  of  a  wide  variety  of  clay 
products. 

Analyses  of  Iowa  ChaUts . 


I 

II 

lU 

Silica  and  insol .  mat 

22.70 
6.68 

64.30 
5.38 

Iron  and  alumina  (oxides) ....•> 

Calcinm  carbonate 

Magnesium  carbonate 

83.70 

2.48 

.08 

94.39 
.70 

Water 

.06 

L  Chalk  rock ,  Hawarden»  Iowa Newberry  Anal. 

II.  Chalk  rock,  Westfield,  Iowa Weems  Anal. 

Ill .  Chalk  rock,  Le  Mars,  Iowa. Weems.  Anal. 

It  is  evident  that  materials  suitable  for  the  manufacture  of 
Portland  cement  are  available,  and  this  conclusion  is  confirmed 
by  the  fact  that  at  Yankton,  S.  D.,  a  plant  has  for  many  years 
been  in  operation  in  which  similar  beds,  belonging  to  the  Nio- 
brara, are  used.  Furthermore,  in  tests  carried  on  at  Sioux  City 
cement  has  been  made  experimentally  from  the  local 
material.* 


LIMESTONES. 


General  statement. — Non-magnesian  limestones  are  found  in 
Iowa  in  the  Ordovician,  Devonian,   and  Carboniferous.    The 

^Lonsdale,  B.  H.,  Proo.  Iowa  Acad.  Sol.,  Vol.  II,  p.  178,  1896. 
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limestones  of  the  Cambrian  and  Silurian  are  without  important 
exception  highly  magnesian.  Those  of  the  Ordovician  are  pre- 
dominantly magnesian,  though  an  exception  occurs  in  the  case  of 
the  beds  which  it  has  been  customary  to  map  and  discuss  under 
the  name  Trenton.  In  eastern  Iowa  the  dolomites  and  mag- 
nesian limestones  have  heretofore  attracted  more  attention 
than  the  non-magnesian  rocks,  and  flourishing  lime  and  building 
stone  industries  have  been  founded  upon  them.  Limestone  of 
one  class  or  the  other  occurs  in  all  of  the  eastern  and  most  of 
the  southern  counties.  In  the  northwest  the  covering  of  Creta- 
ceous and  Pleistocene  deposits  limits  the  outcrops  to  a  few'deep 
stream  valleys.  The  general  distribution  of  the  geological 
formations  of  the  state  is  shown  in  plate  II  of  volume  XIV 
of  the  present  series  of  reports.  For  details  of  localities  the 
reader  is  referred  to  the  various  county  reports  of  the  Iowa 
Geological  Survey  cited  in  this  text.  The  transportation 
facilities  available  at  each  point  may  be  best  learned  from  the 
large  map  of  the  state  published  and  distributed  gratuitously 
by  the  Railway  Commissioners. 

OBDOVIOIAN  UMB8T0NBS. 

Below  the  Devonian  there  is  but  one  limestone  outcropping 
in  Iowa  which  is  at  all  suitable  for  Portland  cement  manufac- 
ture. It  is  known  as  the  Trenton,  and  occupies  portions  of 
Dubuque,  Clayton,  Fayette,  Winneshiek  and  Allamakee 
counties."*^  Under  this  name  have  been  included  and  mapped  an 
aggregate  of  non-magnesion  limestones  and  thin  shales,  varying 
in  thickness  from  fifteen  to  three  hundred  and  fifty  feet.  The 
variation  in  thickness  is  an  expression  of  the  fact  that  the  dif- 
ference between  the  Galena  and  Trenton  is  lithologic  and  not 
formational.  It  is  probable  that  in  the  future  the  division  will 
be  made  upon  some  other  basis,  but  for  present  purposes  the 
lithologic  difference  is  the  important  one.  The  strata  included 
on  this  basis  within  the  Trenton  are  in  the  main  either  aon- 
magnesian  or  only  slightly  magnesian.  In  composition  as  in 
geologic  position  they  are  almost  exactly  equivalent  to  the 

*  Reports  on  the  geologj  of  Fayette,  Wlnneehlek  uid  Clayton  coontlee  are  now  In  prepara- 
tion. For  the  geology  of  Allamakee  ooonty,  see  Iowa  OeoL  Sarr.,  Vol.  IV,  pp.  85-120;  for 
Oaboqne  eonnty,  see  Ibid,  Vol.  X,  pp.  87(M)61. 
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famous  cement  rock  of  the  Lehigh  Valley,  from  which  60  per 
cent  of  the  Portland  cement  production  of  the  United  States 
now  comes. 

Excellent  exposures  of  the  Trenton  occur  along  the  Missis- 
sippi river  and  its  tributaries  in  the  counties  named  above.  At 
Specht  Ferry,  in  Dubuque  county,  the  following  section  was 
observed. 

specht  Ferry  Section, 

FBBT.' 

13.    Thin-bedded,  brown  dolomite,   with  shaly  part- 

ing^s  (Galena) 4 

12.     Thin- bedded,  imperfectly  dolomitized  limestone, 
with   fossil     brachiopod  shells  only   slig:htly 
changed;  the  limestone  brown,  earthy,  non- 
crystalline, but  evidently  of  the  Galena  type.       3 
11.     Thick,    earthy,     Imperfectly    dolomitized    beds 

(Galena) 3 

10.     Thin  limestone  beds  with  much  shale  in  the  part- 
ings; in  part  a  true  shale 5 

9.     Limestone,  blnish,  rather   coarse-grained,    with 

few  fossils 4 

8.     Limestone  similar  to  above 3 

7.     Limestone  similar  to  above 18 

6.     Shale,  bluish  or  greenish,  containing  occasional 
thin  beds  or  discontinuous  flakes  of  limestone; 
the  '  'Green  Shales"  of  Minnesota  geologists.     12 
5.     Thin-bedded,  bluish,  rather  coarse-grained  lime- 
stone, weathering  brownish  in  color 5 

4.  Limestone,  in  rather  heavy  layers  which  range 
up  to  fifteen  inches  in  thickness;  bluish  on 
fresh    fracture,    but  weathering  to   buff    on 

exposure 5 

3.  Brittle,  fine-grained,  blue  limestone,  very  fossilif- 
erous,  breaking  up  on  weathered  surfaces 
into  flexuous  layers  about  two  inches  in  thick- 
ness      20 

2.     LQwer  buff  beds,  exposed,  about 8 

1 .     Unexposed  to  level  of  water  in  river 45 

The  "Green  Shale"  No.  6,  of  the  above  section,  and  the  lime- 
stones above  and  below  were  sampled  and  analyzed  by  Mr. 
Lundteigen  with  the  results  given  below: 
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Analyses  of  Trenton  Limestone, 


II 


III 


IV 


Silica,  SiO.. 
Alnmina      ( AlsO, 

and 
Iron  oxides 
Lime,  CaO 

Mag^nesia,  MgO 

Alkalies  by  difference.. . 
Sulphur,  S 

Loss  on  ig^nition  |  ? A    | 


VI 


7.28 

2.25 

46.34 

8.98 

5.00 

1.27 

1.32 

19  90 

2.58 

2.07 

46.93 
2.58 

49  66 
3.24 

10.27 
2.13 

41.32 
5.80 

50.22 
.85 
.76 
.85 

40.25 

.39 
40.10 

.01 
13.90 

.00 
40.00 

42.80 
99.27 

99.25 

92.55 

98  68 

100.00 

54.90 

25  50 

.41 

.30 

9.55 

.24 

9.10 
100.00 


I.  Beds  8  and  9,  Specht  Perry  Section. 
II.  Bed  No.  6,  Specht  Ferry  Section. 

III.  Bed  No.  5,  Specht  Perry  Section. 

IV.  Bed  No.  4,  Specht  Perry  Section. 

V.  General  sample  of  limestone,  Specht  Perry  Section. 
VI.  General  sample  of  clay,  Specht  Ferry  Section. 

While  the  amount  of  magnesia  in  certain  of  these  beds  is 
higher  than  is  desirable,  there  is  still  a  large  amount  of  rock 
available  which  is  not  higher  in  that  element  than  that  else- 
where used.  It  is  probable  that  careful  search  would  locate  even 
better  beds  at  the  same  horizon  farther  north. 

DEVONIAN  LIMB8T0NBS. 

There  are  in  Iowa  beds  representative  of  both  Upper  and 
Middle  Devonian.  The  former  includes  the  State  Quarry  beds 
in  Johnson  county*,  and  the  Sweetland  shales  in  Musca- 
tinef.  The  larger  portion  of  the  Iowa  section  belongs  to  the 
Middle  Devonian,  which  may  be  divided  into  three  formations, 
the  Lime  Creek,  Cedar  Valley  and  Wapsipinicon.  In  various 
counties  these  formations  have  been  subdivided  and  individual 
members  have  been  mapped.  The  Lime  Creek  and  Wapsipin- 
icon formations  each  include  some  shale  and  magnesian  rock, 
but  in  general  the  Devonian  limestones  in  Iowa  are  character- 
istically free  from  magnesia. 

Wapsipinicon  formation. — This  formation  was  first  discri- 
minated by  W.  H.  Norton  who  has  discussed  it  in   considerable 

•Calvin,  8.,  Geology  of  Johnnon  County,  lowaOeol.  Snrv.,  Vol.  VII,  pp.  8S-104. 
fUdden,  J.  A.,  Qeology  of  Mascatlne  County,  lowaQeol.  Snrv.  Voi.  IX,  pp.  247-S88.  . 
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detail  and  has  mapped  various  subdivisions  belonging  to  it  in 
Linn*,  Cedarf  and  Scottf  counties.  J.  A.  Udden  has  dis- 
criminated it  in  Muscatine  county§,  and  Calvin  has  mapped 
certain  members  belonging  to  it  in  Johnson/  and  Buchanan.^ 
Details  of  the  development  of  the  formation  may  be  learned 
from  the  reports  cited.  In  the  northern  portion  of  the  state 
there  is  an  overlap,  so  that  the  Wapsipinicon  is  not  repre- 
sented. In  general  it  may  be  stated  that  while  the  formation 
includes  some  shale  and  some  very  pure  limestones,  the  mag- 
nesia is  apt  to  be  found  abundant  in  almost  any  section  and 
careful  sampling  will  be  necessary  to  determine  the  availa- 
bility of  the  rock  at  any  given  point.  The  Fayette  breccia, 
which  forms  one  member  of  the  Wapsipinicon,  includes,  near 
Rock  Island,  a  very  pure  limestone,  as  is  shown  by  the  following 
analysis. 

Analysis  of  Fayette  breccia,** 

Insol 42 

Iron  (as  carbonate) .36 

LimeCCaCOa) 98.77 

Loss,  alkalies,  etc 45 

On  the  other  hand  samples  of  the  Otis  and  Kenwood  beds 
from  a  railway  cut  two  miles  north  of  Cedar  Rapids,  showed  so 
much  magnesia  as  to  preclude  the  use  of  the  rock. 

Cedar  Valley  Limesto>ie.—The  most  important  member  of  the 
Devonian  of  Iowa  as  measured  either  by  areal  extent  or  thick- 
ness is  the  Cedar  Valley  Limestone.  It  extends  from  Muscatine 
county  on  the  Mississippi  to  the  Minnesota  line  in  a  broad 
belt  trending  northwest.  It  has  an  estimated  maximum  thick- 
ness of  300  feet  and  rests  to  the  southeast  on  the  Wapsipinicon 
formation.  To  the  northeast  it  comes  by  overlap  to  rest  on  the 
Maquoketa  shaleff.  To  the  southwest  it  is  in  turn  covered  by 
rocks  of  the  Mississippian  series,  while  on  the  northwest  the 

■        ■  ■  ■  ■     »  ^ 

*Qdologj  of  tiinn  Coanly,  Iowa  Geol.  Surv.,  VoL  IV,  pp.  12M95. 

f  Qeology  of  Cedar  County,  Ibid.  Vol.  XI,  pp.  270-898. 

tOeology  of  Soolt  County,  Ibid,  VoL  IX,  pp.  888-520. 

$Oeology  of  Muflcatine  County,  Ibid,  Vol.  IX,  pp.  248-888. 

liQeology  of  Johnson  County,  Ibid,  VoL  VII,  pp.  8S>116. 

ITQeology  of  Buchanan  County,  Ibid,  VoL  VIII,  pp.  201-255. 

•*aeoL  of  Iowa  (Hall)  p.  S72. 

ffCalTln,  8. ,  Geology  of  Howard  County,  Iowa  Geol.  Surv. ,  VoL  XIII,  pp.  49-08. 


DEVONIAN     LIMESTONE. 


109 


Lime  Creek  shales  intervene  between  the  latter  and  the  Cedar 
Valley.  • 

In  the  southern  portion  of  the  area  of  outcrop  the  Cedar  Val- 
ley Limestone  is  characteristically  a  non-magnesian  limestone, 
usually  fine-grained  in  texture  and  breaks  with  a  sharp  con- 
choidal  fracture.  This  phase  of  the  formation  is  excellently 
exposed  in  Johnson  county,  and  the  following  analysis  was 
made  by  George  Steiger,  in  the  laboratory  of  the  U.  S.  Geolog- 
ical Survey,  from  an  average  sample  representing  the  rock 
quarried  at  Iowa  City.  These  quarries  exposed  a  total  thick- 
ness of  about  fifty  feet. 

Analysis  Devonian  Limestone  at  Iowa  City, 

SiOa 3.08 

AUO, 1.24* 

Fe,Oa 73 

CaO 50.30 

MgO 2.22 

SO, 06 

Toward  the  north  the  limestone  becomes  more  magnesian 
until  in  Howard  county  it  is  a  massive  dolomite  which  has 
been  mistaken  for  the  Niagara.  About  midway  the  rock  has 
been  extensively  quarried  at  Independence  and  Waterloo  where 
it  is  a  soft,  easily  crushed  limestone,  apparently  non-magnesian 
in  character.  At  Waverly  the  rock  is  soft,  thin-bedded  and 
exposed  to  a  total  thickness  of  about  fifty  feet.  Analysis  of 
two  separate  beds,  by  Lundteigen,  gave  the  following  results:' 

Analyses  ot  Devonian  Limestone  at  Waverly. 


II 


SiO, 

A1,0.    » 

Fe.Oo   S :•• 

CaO 

MgO 

SOg 

Lross  on  ignition 

Total 

*  Wilh  tha  AlgOa  la  iQcluded  any  TIO,  or  P,0s  present. 


2.25 

1.32 

49.66 

3.24 

.00 

42.80 


99.27 
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Still  farther  north,  in  Mitchell  county,  the  limestone  has  at- 
tracted Attention  because  of  certain  beds  being  lithographic* 
The  following  analysis,  made  by  Mr.  A.  B.  Hoen,  suggests  that 
some,  at  least,  of  the  stone  is  sufficiently  free  from  magnesia  to 
be  suitable  for  cement  material. 

Analysis  Devonian  Limestone,  Mitchell  County, 

SiO, .78 

A1,0, 12 

CaO 54.91 

MgO 07 

NaaO 18 

K,0 11 

CO, 43.16 

HjO 35 

There  are  a  number  of  fine  exposures  showing  a  thickness  of 
ten  to  fifteen  feet  of  the  non-magnesian  stone.  Not  all  of  it  is 
free  from  cracks  and  crystals  as  is  the  lithographic  layer,  but  it 
is  similar  in  composition  to  the  sample  analyzed  at  the  Gable 
and  other  quarries,  there  is  practically  no  stripping,  while  in 
the  vicinity  is  an  abundance  of  loess  clay. 

Lime  Creek  Shales.— The  uppermost  member  of  the  Devonian 
section  of  Iowa  is  well  displayed  in  Cerro  Gordo  county,  and 
has  been  discussed  and  mapped  in  Calvin's  report  on  that  area.f 

He  gives  the  following  general  section  of  the  formations. 

General  Section  of  the  Lime  Creek  Shales. 

FKET. 

6.  Calcareous  beds,  light  gray  in  color 20 

5.  Magnesian  shales  and  argillaceous  dolomites  ...  30 

4.  Limestone  with  slender  Idiostroma . .  4 

3.  Fossiliferous,  calcareous  shales 20 

2 .  Yellow ,  non-f ossilif erous  shales 10 

1 .  Blue ,  non-f  ossilif  erous  shales 40 

Nos.  1,  2  and  3  of  this  section  make  up  the  Hackberry  mem- 
ber of  the  formation,  while  the  remaining  >»  beds  represent  the 
Owen  beds.  The  shales  constituting  the  lower  portion  of  this 
section  are  now  in  use  at  Mason  City  for  the  manufacture  of 

•lowaGeol.  Snrv.,  Vol.  XIII.  pp.  292-35:>. 

t  Qeolog7  of  Cerro  Oordo  Count j,  Iowa  Geol.  Surv. ,  Vol.  VII,  ppg  117-192. 
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clay  goods,  and  are  represented  in  the  following  analysis  made 
by  G.  E,  Patrick: 

Analysis  of  Lime  Creek  Clay  al  Mason  Cily, 

FSBT. 

Silica  Si02 54.64 

Alumina  Al2  Os 14  62 

Iron  oxide  (calculated  as  Pe2 O 8 ) 5.69 

Manganese  oxide  (calculated  as  MnO) 76 

LimeCaO * 5.16 

Magnesia  MgO 2.90 

Soda  Nag O 1.12 

PotashKgO 4.77 

Carbonic  acid  CO2 4.80 

Hygroscopic  water  (expelled  at  100"*  C . ) 85 

Combined  water  (expelled  by  ignition) 3. 74 

Total 99.05 

This  analysis  represents  only  the  non-calcareous  portion. 
The  beds  above  contain  considerable  lime  as  noted  in  the 
section  given.  In  the  vicinity  of  Mason  City  where  these  beds 
outcrop  there  are  extensive  exposures  of  the  non-magnesian 
beds  of  the  underlying  Cedar  Valley,  and  it  should  be  possible 
to  combine  the  two  to  advantstge. 

CABBONIFBROUS  LIMBSTONBB. 

Carboniferous  rocks  underlie  a  large  portion  of. Iowa.  They 
include  limestones,  sandstones,  shales  and  coals.  The  lime- 
stones are  very  rarely  magnesian  and  because  of  this  fact,  as 
well  as  their  excellent  situation  with  reference  to  fuel  and 
transportation  facilities,  it  seems  not  improbable  that  time 
will  see  the  development  of  a  considerable  cement  industry 
based  upon  them.  Of  the  three  series  into  which  the  Carboni- 
ferous has  been  divided,  two,  the  Mississippian  and  the  Penn- 
sylvanian  are  represented  in  this  state.  The  Mississippian  may 
be  divided  into  the  Kinderhook,  Augusta  and  Saint  Louis,  each 
containing  important  limestone  beds.  The  Pennsylvanian  in- 
cludes the  Des  Moines  formation  (lower  Coal  Measures)  and  the 
Missourian  (upper  Coal  Measures).  The  lower  Coal  Measures 
includes  most  of  the  coal  beds  worked  in  the  state,  but  very 
little  limestone.      The   formation  outcrops  in   a  broad  belt 
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between  the  limestones  of  the  Mississippian  series  to  the  east 
and  the  calcareous  shales  and  thin  limestones  of  the  Missou- 
nan  formation.  The  general  distribution  of  the  Mississippian, 
Des  Moines  and  Missourian  beds  is  shown  on  the  geological  map 
of  Iowa.  The  details  as  to  character,  thickness,  etc.,  in  any 
area  may  be  learned  from  the  appropriate  county  reports*. 

Kinderhook  limestone. — The  Kinderhook  forms  the  lower- 
most division  of  the  Carboniferous  of  this  state.  It  consists 
for  the  most  part  of  a  soft  argillaceous  shale  which  is  exposed 
to  a  thickness  of  sixty  feet  at  Burlington. f  Above  the  shale 
are  about  fifty  feet  of  sandstone  and  limestone  belonging  also 
to  the  Kinderhook.  In  general  the  beds  are  not  well  exposed, 
and  in  the  southern  area  of  outcrop  are  not  likely  to  be  of 
importance  in  cement  manufacture,  except  as  a  source  of  clay 
to  be  mixed  with  the  overlying  Burlington  limestones.  Farther 
north,  in  Marshall  county,  there  is  an  extensive  development  of 
limestone.  The  rock  is  quarried  at  Le  Grande,  and  the  follow- 
ing analyses  by  G.  E.  Patrick  indicate  that  a  considerable  por- 
tion of  the  stone  is  suitable  for  cement  manufacture: 


*  Reports  apon  oonntiM  In  whloh  the  Carbonlferoas  rooks  are  important  will  be  found  in 
the  yolomes  of  the  Iowa  Qeological  Surrey  as  follows : 

Appanoose,  V.  961-488;  Mahaska,  lY,  818-880: 

Boone,  V,  17&-2M;  Marion.  XI,  127-196; 

Dallas,  Vm,  61-118;  Marshall.  YII,  197-868; 

Decatnr,  VIU,  266-888;  Mills  and  Fremont,  Xm,  128-188; 

Des  Moines,  III.  409-492;  Monroe,  XIII,  868-188; 

Fremont  and  Mills,  XIII,  128-188;  Montgomery.  IV,  881-462; 

Qathrie,  VU,  418-488;  Page,  XI,  807-460; 

Hardin,  X,  241-814;  Polk,  VU,  268-412; 

Henry,  XU,  287-808;  Pottawattamie,  XI,  199-278: 

Humboldt,  IX,  109-164;  Story,  IX,  166-246: 

Jefferson,  XU,  866-488;  VanBuren,  IV,  197-264; 

Keokuk,  IV,  266-812;  WapeUo,  Xlf,  4S8-499; 

Lee,  III,  806-406;  Warren,  V.  801-860; 

Louisa,  XI,  66-126;  Washington,  V,  118-174; 

Madison.  VII.  489-640:  Webster,  XII,  62-191. 

fWeller,  Stuart,  Iowa  Geol.  Surv..  Vol.  X.  p.  66. 
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Chemical  Analyses  of  Le  Grande  Slone. 


II 


lU 


IV 


Silica  and  insol 

Alumina  AlsOg  

Iron  PeaO, 

Iron  FeO 

Manganese  oxide  (as  MnO) 

Lime  CaO 

Magnesia  MgO 

Carbonic  acid  COa 

Hygroscopic  water  (loss  at  lOO"*  C.) . . . , 
Combined  water  (expelled  by  ignition). 
Phosphoric  acid 


Total 


.77 
.05 


.09 


55.05 
.28 

43.62 
.03 
.13 


100.02 


.96 
.07 


.27 
08 

54.85 
.28 

43.30 
.09 
.21 


100  11 


1.24 
.18 
.15 
.09 


50.56 

3.70 

43.79 

.06 

.15 

trace 


99.92 


1.22 

.14 

.26 

.09 

trace 

50.42 

3.96 

43.85 

.04 

.12 


100.10 


Probable  CombinaHons. 


Silica  and  silicates,  iron,  alumina,  oxides,  etc.. 

Calciam  carbonate 

Magnesinm  carbonate  

Water 


Total 


.95 

98.30 

.59 

.16 

1.37 

97.95 

.38 

.30 

1.74 

90.28 

7.77 

.21 

100.00 

100.00 

100.00 

1.72 

90.04 

8.08 

.16 

100.00 


I.  Pine-grained  oolite. 

II.  Blue  limestone. 

III .  Iowa  Caen  stones . 

IV.  Stratified  limestone. 

Associated  with  these  beds  are  certain  others  which  are  more 
magniBsian,  but  which  happen  to  be  in  demand  as  building 
stone.  Possibly  a  combination  of  industries  could  be  based  on 
this  association.  In  Hardin  county  there  is  a  considerable 
thickness  of  the  rocks  with  some  associated  shale.  Still 
farther  to  the  north  and  west  the  Kinderhook  outcrops,  but 
without  exposing  any  great  thickness.  While  much  of  the 
Kinderhook  limestone  is  magnesian,  it  is  believed  that  in  local- 
ities where  other  conditions  are  favorable,  the  formation  war- 
rants prospecting  and  testing. 

Augusta  formation. — The  Augusta  includes  beds  which  have 
been  widely  known  as  the  Keokuk  and  Burlington  limestones 
together  with  a  portion  of  the  Warsaw.  The  formation  con- 
sists for  the  most  part  of  coarse,  crinoidal  limestone,  white, 
non-magnesian  ,and  with  chert  in  nodules  along  bedding  planes. 

8 
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The  limestone  is  associated  with  abundant  argillaceous  shale, 
and  often  outcrops  in  steep  bluffs,  at  the  foot  of  which  the 
shales  of  the  Einderhook  are  available.  The  beds  are  best 
exposed  in  Lee  and  Des  Moines  counties,  but  occupy  portions  of 
Louisa,  Washington,  Henry  and  other  counties  in  the  southeast 
part  of  the  state. 

At  Burlington,  in  the  south  bank  of  the  Cascade  Hollow  the 
following  section  was  measured  by  Mr.  T.  E.  Savage: 

Cascade  Hollow  Section, 

wvn. 

7.  Fine-grained ,  homogeneous  «oil  material  without 
pebbles,  dark-colored  above  grading  down  to 
yellow  below 4 

6.  Clay  with  pebbles  and  small  bowlders  of  granite 
and  greenstone,  reddish-brown 6 

5.  Limestone,  much  decayed,  in  layers  one  to  four 
inches  thick ,  numerous  chert  nodules 5 

4.     Chert % 

3.  Limestone,  crinoidal,  coarse-grained,  layers  four 
to  eight  inches  thick 4 

2 .     Limestone,  crinoidal,  with  chert  nodules 1 

1.  Limestone,  coarse,  crinoidal;  at  places  massive, 
at  others  weathering  into  layers  three  inches 
to  one  foot  in  thickness,  containing  numerous 
fossils 10 

An  average  sample  of  this  limestone  was  analyzed  by  George 
Steiger  in  the  laboratory  of  the  U.  S.  Geological  Survey  with 
the  following  results. 

Analysis  Burlington  Limestone, 
SiOj 5.18 

*A1,0,    \  gy 

Fc.O,    / ^^ 

CaO : 52.16 

MgO 40 

SO, 00 

The  beds  outcropping  at  this  point  are  thoroughly  representa- 
tive of  the  Burlington  limestone,  the  most  important  division 
of  this  formation.  Greater  thicknesses  are  exposed  at  other 
points  and  the  total  thickness  has  been  estimated  to  be  about 
two  hundred  and  fifty  feet. 


*  This  figure  includes  any  TiO,  or  P^Ob  present. 
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St.  Louis  Lime9k>ne. — The  St.  Louis  is  one  of  the  most  widely 
distributed  formations  in  Iowa.  It  rests  on  the  Augusta  and 
lies  unconformably  below  the  Des  Moines  formation.  On 
account  of  its  relation  to  the  coal  beds  it  has  been  carefully 
mapped  and  extensively  studied.  It  includes  three  minor  divi- 
sions, the  Pella  beds,  the  Verdi  beds  and  the  Spriugvale  beds. 
Of  these  the  first  named  is  much  the  most  important  from  the 
present  point  of  view.  The  Verdi  and  Springvale  beds  have 
limited  areas  of  outcrop  and  are  usually  not  suitable  in  com- 
position for  cement  manufacture.  The  Pella  beds  on  the  other 
hand  outcrop  widely  and  are,  in  composition,  excellently 
adapted  to  this  purpose.  They  fringe  the  productive  coal 
measures  on  the  east  and  occur  as  scattered  inliers  within  the 
general  area  of  outcrop  of  the  coal  beds.  This  results  from  the 
pronounced  unconformity  between  the  Des  Moines  and  t^e  St. 
Louis,  hills  of  the  limestone  rising  like  islands  above  the  lowest 
coal  beds. 

The  Pella  beds  usually  show  an  upper  portion  consisting  of 
calcareous  marl  with  some  thin  beds  of  limestone.  This  facies 
is  ordinarily  eight  to  ten  f^et  thick.  Below  it  are  beds  of  fine- 
grained, blue  to  gray  limestone  breaking  with  clean  conchoidal 
fracture  and  usually  thin-bedded.  The  rock  is  very  rarely 
magnesian  and  the  analysis  quoted  below  is  quite  representa- 
tive. The  sample  was  taken,  from  the  Chilton  quarry  |at 
Ottumwa,  by  Mr.  T.  E.  Savage.  The  beds  exposed  at  this 
quarry  are  noted  in  the  following  section:        

Chilion  Quarry  Section . 

13.     Fine-grained,  dark  colored,  pebbleless  soil....  1 

12 .     Clay ,  reddish-brown ,  with  pebbles    3 

11.     Sandstone,  brown,   iron-stained,   mostly  inco- 
herent, but  in  places  indurated  (Des  Moines)  10 
10.     Calcareous  shale,  weathering  into  small  bits, 

very  fossiliferous '.....  3 

9.     Limestone,  dense,  fine-grained,  gray 2}i 

8.     Limestone,    shaly,    soft,    weathering     readily, 

similar  to  No.  10 2 

7.     Limestone,  dense,    fine-grained,  gray \\i 

6 .     Shale,  calcareous 3 

5.     Limestone,    hard,   fine-grained,    gray,    fossili- 
ferous  ••• r    "      ^^  ~ 
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4.    Limestone,  dense,  bluish 1 

3.    Limestone,  dense,  fine-8;rained,  bluish-gray,  in 
part    massive,  in  part  thin-bedded,    fossili* 

ferons 4 

2.    Limestone,  hard ,  g^ay U 

1.    Limestone,  dense,  gray 1>^ 

An  average  sample  of  the  limestone  and  marl  here  was 
analyzed  in  the  laboratory  of  the  U.  S.  Geological  Survey, 
by  George  Steiger,  with  the  following  results. 

Analysis  of  St.  Louis  Limestone  at  Ottumwa. 

SiO, 6.83 

AlaOa 2.12* 

Fc,0, 54 

CaO 49.54 

MgO 07 

SO, 13 

Samples  of  limestone  from  Pella,  Tracey,  Oskaloosa  and 
Humboldt  have  also  been  analyzed  with  the  following  results: 


I 

II 

m 

IV 

SiOg 

4.92 

Insol 

1.57 
.49 
.17 

4.01 
.13 
.46 

.91 

AUO. 

}3.39| 
'47.50 

.48 

Fe.O. 

.73 

CaO :. 

CaCOi 

94.60 
3.17 

95.30 
.00 

97.98 

MgO 

.00 

Alkalies. . . . : 

SO. 

2.09 
}  38.10 

CO, 

H,0 : .• 

I.  Limestone,  Pella,  Lundteigen,  Anal. 

II.  Limestone,  Tracey,  Murray,  Anal. 

III.  Limestone,  Oskaloosa,  Murray,  Anal. 

IV.  Limestone,  Humboldt,  Murray,  Anal. 


*Thi8  figure  Inclades  kdj  TiO,  or  PaOa  present. 
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Analyses  of  limestone  and  interbedded  shale  from  the  mouth 
of  Lizard  creek  in  Webster  county,  were  made  by  Mr.  Lund- 
teigen,  with  the  following  results: 


3.    Upper,  limestone,  2  feet 88.75  .28 

2.     Middle,  shale,  2  feet 53.25        2.46 

1.    Bottom,  limestone,  2i  feet 88.75  .17 


A.  cement  made  from  this  material  gave  the  following  analy- 
sis and  on  test  showed  satisfactory  color,  strength  and  setting 
properties: 

Analysis  Fori  Dodge  Cement, 

Silica 25.52 

Alnmina  and  iron 8.80 

Lime 63.40 

Magnesia 1. 19 

The  material  from  the  Pella  exposures  has  been  made  up 
into  a  cement  which  has  good  color,  is  sound  on  glass,  sets  very 
quickly  and  has  satisfactory  strength.  The  results  of  these 
tests,  together  with  the  fact  that  limestone  of  the  same  age  and 
character  is  being  extensively  used  at  St.  Louis,  Missouri,  makes 
it  certain  that  this  formation  can  be  relied  upon  to  furnish 
the  calcareous  element  wherever  other  conditions  are  favorable 
to  the  establishment  of  cement  plants. 

Dei  Moines  formation. — The  Des  Moines  (lower  Coal  Measures) 
contains  very  little  limestone.  Its  principal  importance  in  the 
present  connection  arises  from  the  coal  and  clay  which  make 
up  so  large  a  portion  of  the  formation.  The  clays  and  shales 
are  extensively  used  in  the  brick  making  industry.  They  are 
available  over  wide  areas  and  may  prove  of  service  in  connec- 
tion with  limestones  of  the  formations  above  and  below.  The 
following  analyses  are  typical  of  these  clays: 
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Analyses  of  Coal  Measures  Shales  and  Clays. 


II 


lU 


SiO,  . 

AljO, 

Pe.Og 

CaO... 

MgO.. 

Na,0., 

K,0  .. 

SO,.. 

CO, 


u  rk  i  (combined). . . 

"«"1rfrec) 

Undter.  and  ignition 


53.08 
17.71 
8.64 
4.05 
.94 
3.70 
1.25 


2.53 
6.77 


1.33 


64.41 
20.43 

5.88 
.34 

1.71 

}  1.90j 


3.93 
1.27 


53.86 

26.28 

4.32 

.12 

.43 

.43 

2.52 

1.22 


3.02 
8!66 


I.     Brick  clay,  Port  Dodge. 

II.     Brick  clay,  Des  Moines,  C.  O.  Bates,  Analyst. 
III.    Brick  clay,  Ottumwa,  J.  B.  Weems,  Analyst. 

Near  the  middle  of  the  Des  Moines  formation  there  are  a 
series  of  strata  which  have  been  called  the  Appanoose  beds. 
These  have  been  mapped  and  discussed  in  connection  with  the 
report  on  Appanoose  county,  and  the  outcrop  of  the  "Fifty-foot" 
limestone,  one  of  their  important  members,  is  shown  on  the 
accompanying  map.  The  Appanoose  beds  include  the  Mystic 
or  Centerville  coal  and  certain  associated  shales  and  limestones. 
The  latter  are  known  locally,  from  their  relations  to  the  coal, 
as  the  "Bottom  rock,"  "Cap  rock,"  "Thirteen-foot  limestone," 
and  "Fifty-foot  limestone."  The  beds  are  thin,  usually  from 
four  to  six  feet  in  thickness,  but  near  Bathbun  and  Clarkdale 
the  Fifty-foot  rock  reaches  a  thickness  of  ten  to  fifteen  feet. 
It  is  a  soft  limestone,  easily  crushed,  and  because  of  its  close 
association  with  clay  and  a  very  good  coal  bed,  is  probably  of 
value.  Analyses  show  that  it  is  practically  free  from  magnesia 
and  runs  from  74  to  93  per  cent  in  calcium  carbonate.  The 
following  analysis  by  Lundteigen  is  representative: 

Analysis  Fifiy*foot  rock,  Rathbun, 
SiO, 9.90 

f:?o\\ 6« 

Mi:0 trace 

CaCOa 83.37 
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Missourian  formation. — The  southwestern  portion  of  Iowa  is 
underlain  by  the  rocks  of  the  Missourian  formation  or  upper 
Coal  Measures.  In  contrast  with  the  lower  Coal  Measures  or 
Des  Moines  formation,  the  Missourian  includes  considerably 
less  sandstone  and  very  little  coaL  The  beds  are  mainly  shales 
and  limestones.  The  latter  are  almost  entirely  free  from 
magnesia,  are  occasionally  somewhat  earthy  and  are  usually 
free  from  chert,  and  easily  ground.  They  are  accordingly  well 
adapted  to  cement  manufacture  and  iifdeed  the  equivalent  beds 
are  now  in  use  at  lola,  Kansas.  The  individual  members  of  the 
Missourian  formation  have  not  been  mapped  in  Iowa,  though 
they  are  discussed  in  the  county  reports.  The  most  important 
limestone  lies  at  the  base  of  the  formation  and  its  outcrop  is 
accordingly  indicated  on  the  geological  map  by  the  eastern 
edge  of  the  formation.  .  This  limestone,  which  is  variously 
known  as  the  Winterset,  Earlham  and  Bethany,  is  discussed  in 
some  detail  in  the  Madison  county  report. 

The  Bethany  limestone  in  Madison  county  includes  four  sepa- 
rate ledges  occurring  in  the  following  order  and  thickness: 
Fusulina,  twenty-five  feet;  Winterset,  twenty  feet;  Earlham, 
twenty-one  feet;  Fragmental,  ten  feet.  These  ledges  are  sepa- 
rated by  shale  beds,  usually  ten  to  twenty  feet  in  thickness, 
and  in  part  calcareous.  The  rocks  are  quarried  at  various 
points,  particularly  Earlham,  Winterset  and  Peru,  and  the  same 
ledges  have  been  recognized  as  far  south  as  Decatur  county  on 
the  Missouri  boundary. 

Analyses  of  individual  ledges  at  Peru,  made  by  Lundteigen, 
show  a  lime  content  ranging  from  60.50  per  cent  to  83  per  cent. 
A  cement  mixture  made  from  them  gave  75.50  per  cent  CaCOs- 
At  Earlham  the  following  section  was  measured  by  Mr.  T.  E. 
Savage,  and  an  analysis  of  an  mixed  average  sample  of  the 
stone  was  made  in  the  laboratory  of  the  U.  S.  Geological  Survey 
by  George  Steiger.    The  results  are  given  below: 
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Section  of  Robertson  Quarry  ^  Earlham, 


nr. 

10.  Dark  colored,  fine-STAtned,  pebbleless soil.  1 
18.    Reddish   bowlder  clay  with  pebbles  and 

quartsite  fragments 1         6 

17.    Yellowish  colored,    soft,   shaly  limestone 

which  disintegrates  readily. 4 

16 .    Layer  of  very  hard,  light  gray ,  fine-grained 

limestone 7 

15.    Narrow  layer  of  softer  limestone  with  less 

perfectly  comminuted  fossil  fragments. .  2 

14 .     Ledge  of  hard,  white  limestone,  fine-grained, 

separating  in  places  into  three  or  four 

uneven  layers 3 

13.    Soft,    calcareous    shale    which    weathers 

rapidly  into  fine  bits 4 

12.     Dense,  gray  limestone,  fine-grained,  fossil 

fragments  abundant  but  indistinct 6 

11.  Gray  shale  like  No.  9 1% 

10.     Layer  of  hard ,  gray  limestone 2 

9.    Band  of  soft  shale \% 

8.  Dense,  fine-grained,  light  gray  limestone, 
in  places  massive,  again  separating  into 

two  layers  of  about  equal  thickness 1         8 

7.  Shale,  soft,  gray  in  color,  and  quite  cal- 
careous   6 

6.    Layer  of  impure  limestone,  grayish -yellow 

in  color «...  2% 

5 .    Band  of  soft,  gray,  calcareous  shale 7 

4.  Ledge  of  hard,  fine-grained,  light  colored 
limestone,   imperfectly    separated    into 

three  uneven  layers 1         3 

3 .  Massive  layer,  separating  in  places  into  two 
uneven  layers  with  shaly  partings  be- 
tween them,  and  such  partings  of  shale 
separating  No.  3  from  No .  4  above  and 

from  No.  2  below 1         4 

2.    Ledge  of  gray  limestone 1         3 

1.    Layer  of  gray  limestone 1         8 

Analysis  EarlHam  Limestone. 

SiOa 10.92 

AI2O8 1.77* 

Fe208 .60 

CaO 47.66 

MgO 75 

SOs None. 


•  This  Inolndesany  P,Os  or  TIG,  preient. 


SUMMARY. 


1^1 


The  beds  above  the  Bethany  have  not  been  as  carefully  stud- 
ied though  they  are  apparently  similar  in  composition  and 
character.  The  next  higher  limestone,  the  DeKalb,  yielded  the 
following  on  partial  analysis  by  J.  B.  Weems: 

Analysis  DeKalb  Limestone. 

CaCOa 91.96 

MgCOa 1.99 

H2O 07 

SUMMARY. 

It  is  believed  that  the  data  presented  bear  oat  the  assertion 
that  there  are  many  points  in  Iowa  at  which  materials  suitable 
for  cement  manufacture  are  available.  The  marls  are  not  now 
known  to  be  important  and  may  niaverprovetobe.  Chalk  suitable 
in  all  particulars  may  be  found  along  the  Sioux  river  north  of 
Sioux  City.  As  this  is  a  soft,  easy  grinding  material,  it  is  a 
favorite  among  cement  manufacturers.  The  question  of  the 
advisability  of  establishing  a  plant  in  this  district  must  be 
determined  by  consideration  of  manufacturing  costs,  of  market 
and  transportation  facilities. 

In  regard  to  the  limestones  the  following  general  considera- 
tions are  important.  Iowa  is  largely  a  drift  covered  state  and 
within  the  broad  areas  shown  upon  the  map  as  underlain  by 
the  various  limestones  there  are  really  only  a  limited  number 
of  outcrops.  Even  where  outcrops  occur,  the  overburden  is  in 
many  cases  so  thick  as  to  entail  prohibitive  stripping  costs. 
The  best  situations  are  in  the  valleys,  usually  where  some 
important  tributary  joins  the  main  stream.  Fortunately,  many 
of  the  railway  lines  follow  valley  routes. 

The  Trenton  limestone,  which  occurs  in  the  Driftless  Area, 
is  found  usually  in  rather  steep  bluffs;  a  fact  due  to  the  resistant 
character  of  the  dolomite  usually  found  above  it.  As  compared 
with  the  other  limestones  of  the  region  the  Trenton  is  more 
likely  to  carry  magnesia  in  excess,  but  it  is,  on  the  other  hand, 
practically  free  from  chert,  is  often  somewhat  earthy  in  com- 
position, and  is  intimately  associated  with  shale.  As  already 
noted,  the  similar  and  approximately  equivalent  beds  in  the 
Lehigh  district  of  Pennsylvania  and  New  Jersey  are  a  very 
important  source  of  cement  material. 
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The  Devonian  limestones  are  in  large  measure  free  from  both 
chert  and  magnesia,  though  outcrops  in  the  northern  part  of 
the  state  need  careful  examination  to  make  sure  of  the  absence 
of  the  latter.  As  contrasted  with  both  the  Trenton  and  the 
Carboniferous  limestones  they  are  in  the  main  harder,  and  this 
will  to  some  extent  influence  the  cost  of  grinding. 

Of  the  Carboniferous  limestones  the  Kinderhook  are  in  most 
situations  too  magnesian  and  the  Augusta  too  full  of  chert  for 
easy  use,  though  it  is  probable  that  some  suitable  material  can 
be  found  in  each  formation.  The  Pella  beds  of  the  St.  Louis, 
and  the  Winterset  and  other  limestones  of  the  Missourian  are  en- 
tirely suitable  as  regards  composition,  freedom  from  chert  and 
grinding  qualities.  Equivalent  beds  are  now  in  use  in  Missouri 
and  Kansas.  These  limestones  are,  furthermore,  excellently 
situated  as  regards  fuel  and  clay.  The  productive  Coal  Meas- 
ures (Des  Moines  formation)  outcrop  in  a  broad  belt  between 
the  two  and  often  Pella  beds  and  shales  of  the  Des  Moines  oc- 
cur in  the  same  section.  Where  the  shales  are  absent,  loess, 
such  as  is  elsewhere  used,  is  nearly  everywhere  present. 

BBLATIONS  TO  FUEL  AND  MARKETS. 

The  area  of  the  productive  Coal  Measures,  Des  Moines  for- 
mation, is  shown  on  the  geological  map  of  Iowa.  It  will  be  seen 
that  the  coal  mines  are  so  situated  as  to  afford  cheap  fuel  to 
most  of  the  limestone  localities.  This  is  quite  important  since 
the  fuel  cost  forms  approximately  30  per  cent  of  the  total  man- 
ufacturing cost.  Iowa  coal,  while  not  of  the  highest  grade,  is 
still  well  adapted  to  cement  manufacture.  The  following 
analyses  indicate  the  approximate  composition  of  a  few  of  the 
coal  beds.  These  analyses  and  tests  were  made  at  the  Iowa  State 
College  of  Agriculture,  and  are  published  in  the  report  on  Mon- 
roe county.* 


•lowaQeol.  Sary.,  Vol.  X  II.  p.  414. 
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Analyses  of  Iowa  Coals. 
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Average  five  Monroe  county  coala. . . 

Centerville  Block  Coal  Co.,  Appa- 
noose county 

Corey  Coal  Co. ,  Webster  county. — 

Des  Moines  C .  &  M.  Co.,  Polk  comnty. 

Whitebreast  Fuel  Co.,  Pekay,  Ma- 
haska county 

Carbon  Coal  Co.,  Willard,  Wapello 
county 

Average  22  Illinois  coals 

Pocahontas  coal,  Virginia 


42.32 

46.81 

89.13 

10.13 

4.10 

37.79 
37.96 
45.62 

54.85 
47.98 
50.29 

92.64 
85.96 
95.91 

7.36 

14.04 

4.09 

3.29 
5.90 
2.74 

46.06 

46.89 

92.95 

7.05 

2.81 

36  94 
35.11 
18.23 

54.20 
51. 9i 
75  08 

91.14 
87.02 
93.31 

8.86 

12.77 

6.69 

2.8S 

3.02 

.60 

11.922 

12,681 
12.431 
12,041 

13,050 

12.245 


In  the  above  tables  the  Pocahontas  coal  is  quoted  for  com* 
parison,  and  the  Illinois  coals  are  noted  since,  in  event  of  the 
Trenton  limestone  being  used,  coal  would  probably  be  drawn 
from  Illinois  rather  than  Iowa.  Many  additional  analyses  will 
be  found  in  the  special  report  on  the  coal  deposits  forming  vol- 
ume II  of  the  reports  of  the  Iowa  Geological  Survey,  and  some 
additional  data  in  the  Twenty-second  Annual  Report  of  the  U. 
S.  Geological  Survey.* 

In  the  majority  of  the  newer  cement  plants  of  the  United 
States,  powdered  coal  is  used  as  a  fuel.  The  Iowa  coals  are 
well  adapted  to  this  method  of  firing.  The  methods  of  burn- 
ing cement  and  the  cost  of  fuel  have  already  been  discussed. 

The  relations  to  transportation  lines  are  perhaps  clearly  enough 
indicated  by  the  map.  It  is  suflScient  to  notice  that  there  are 
several  promising  localities  along  the  Mississippi  river  where 
the  latter  could  be  utilized  directly  and  would  in  addition  act 
as  a  regulator  of  railway  rates.  The  main  railway  lines  of  Iowa 
run  either  east-west  or  southeast-northwest  and  much  of  the 
freight  originating  in  the  state,  aside  from  agricultural  prod- 
ucts, moves  to  the  north  and  west.  Any  cement  plant  which 
may  be  established  would  find  a  ready  market  in  the  same 
direction.    Iowa,  itself,  affords  a  very  considerable  market  for 


*Tbe  Western  Interior  Coal  Field.  Twenty -aeoond  Ann.  Rept. ,  U.  8.  Geol.  Bury.,  pt.  ill. 
pp.  888-966. 
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cement,  and  an  Iowa  cement  plant  would  have  considerable 
advantage  in  reaching  an  important  and  growing  market  to 
the  north  and  west. 

Despite  the  large  amount  of  material  available,  and  the  con- 
venient fuel  and  transportation  facilities,  no  Portland  cement 
plants  have  been  established  in  Iowa.  In  neighboring  states  a 
number  are  in  operation  and  others  are  building  or  in  contem- 
plation. 

CBMBNT  PLANTS  IN  NBIOHBOBING  SrATBS. 

One  of  the  oldest  plants  in  the  middle  west  is  located  at 
Yankton,  S.  D.,  were  the  Western  Portland  Cement  Company 
makes  use  of  the  chalk  and  clay  found  in  the  Cretaceous.  In 
Illinois  there  are  three  large  and  well  equipped  plants  near 
LaSalle,  using  a  Coal  Measure  limestone  similar  to  the  "Fift}'- 
foot"  rock,  outcropping  in  Appanoose  county,  in  connection 
with  ordinary  Coal  Measure  shale.  There  is  also  a  Portland 
cement  plant  in  Chicago,  in  connection  with  the  works  of  the 
Illinois  Steel  Company.  In  Missouri  there  are  three  plants. 
At  Saint  Louis,  loess,  Coal  Measure  shale  and  Saint  Louis 
limestone  are  used .  At  Louisiana  the  Louisiana  limestone  will 
be  used  in  a  new  plant  now  being  erected.  At  Hannibal  the 
Atlas  Portland  Cement  Company  has  a  large  plant  running 
on  the  Burlington  limestone  and  Kinderhook  shales.  In  Kansas 
there  are  two  plants  at  lola,  one  of  which  is  very  large,  which 
manufacture  an  excellent  grade  of  cement  from  beds  equiva- 
lent to  those  occurring  in  the  Missourian  formation  as 
mapped  in  Iowa.  These  plants  have  heretofore  had  the  advan- 
tage of  a  cheap  fuel  in  the  natural  gas  of  that  field.  As  the 
gas  pressure  is  steadily  decreasing  they  will,  doubtless,  eventu- 
ally, be  compelled  to  use  coal  for  fuel. 

In  addition  to  these  plants,  there  are  natural  cement  plants 
at  Mankato  and  Austin,  Minnesota,  at  Milwaukee,  Wisconsin, 
Utica,  Illinois  and  Fort  Scott,  Kansas.  To  the  north  and  west 
the  possible  trade  territory  is  thus  practically  unoccupied.  In 
North  Dakota  there  is  a  small  plant  devoted  to  the  manufacture 
of  natural  cement,  and  in  Colorado  and  Utah  there  is  one  Port- 
land cement  plant  each.  In  view  of  these  favorable  trade  con- 
ditions it  would  seem  that  one  or  more  Iowa  plants  might 
confidently  be  expected  to  prove  successful. 
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INTBODXJCTION. 


LOCATION  AND  AREA. 


Benton  county  is  located  in  the  east-central  portion  of  Iowa. 
It  lies  across  the  middle  line  of  the  state  from  north  to  south  while 
its  eastern  border  is  about  seventy-two  miles  from  the  Missis- 
sippi river.  It  is  a  rectangle  in  form,  thirty  miles  in  length  in 
a  north  and  south  direction,  twenty-four  miles  in  width,  and 
embraces  an  area  of  720  square  miles.  The  extreme  south- 
western portion  of  the  county  is  cut  by  the  channel  of  the  Iowa 
river,  and  the  northern  part  is  crossed  diagonally  by  the  valley 
of  the  Cedar. 

Benton  is  bordered  on  the  north  by  the  counties  of  Black 
Hawk  and  Buchanan,  on  the  east  by  Linn,  Iowa  county  touches 
it  on  the  south,  and  Tama  joins  it  on  the  west.  Of  these  areas 
Buchanan  county  has  been  described  by  Professor  Calvin  in  a 
previous  volume  of  the  Iowa  Survey  reports.  Linn  county  has 
been  discussed  by  Professor  Norton,  and  Tama  has  been  investi- 
gated by  the  present  writer.  The  county  includes  twenty 
congressional  townships — townships  82-86  north  and  ranges 
IX-XII  west.  It  is  divided  into  twenty  civil  townships,  fifteen 
of  which  are  of  the  usual  size  while  the  other  five — Cedar,  Har- 
rison, Polk,  Taylor  and  Benton — which  are  located  towards  the 
the  northeast  corner,  are  more  or  less  irregular  in  size  and  form 
owing  to  the  fact  that  their  boundaries  are  in  part  determined 
by  the  winding  channel  of  the  Cedar  river. 

Benton  is  pre-eminently  an  agricultural  county.  It  is  situated 
in  the  midst  of  the  finest  agricultural  portion  of  our  peerless 
state.  The  larger  part  of  this  beautiful  area  lies  within  the 
region  covered  by  the  lowan  ice  sheet,  and  the  drift  of  this  age 
furnishes  to  the  county  a  soil  tbat  is  unsurpassed  in  depth, 
fertility  and  productiveness.  Well  tilled  farms  of  ample  size; 
beautiful  homes  with  attractive  surroundings;  numerous  farm 
buildings,  large  and  commodious;  these  are  the  evidences  which 
lend  a  substantial  air  of  thrift  and  prosperity  to  the  inhabitants 
of  this  fortunate  region. 
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EARLIER  GEOLOGICAL  WORK. 

Benton  county  lies  outside  of  the  main  area  of  the  Coal 
Measures  of  Iowa,  and  consequently  the  history  of  the  early  ex- 
ploitations of  that  mineral  did  not  involve  this  particular  por- 
tion of  the  state.  No  valuable  mineral  deposits  of  any  kind 
and  no  large  areas  over  which  the  indurated  rocks  are  exposed 
attracted  the  practical  students  of  geology  to  this  region.  The 
problems  of  the  superficial  deposits  did  not  appeal  to  workers 
in  the  science  of  geology  until  recent  years,  hence  the 
chroniclers  of  early  explorations  in  Iowa  rarely  give  to  our 
county  even  passing  notice. 

The  pioneer  geologist  *Dr.  D.  D.  Owen  does  not  mention  the 
county  by  name  but  he  might  well  have  referred  to  her  billowy 
surface  when  he  thus  described  thfe  rural  beauty  of  a  portion 
of  the  state:  "Undulating  prairies  interspersed  with  open 
groves  of  timber  and  watered  with  pebbly  or  rocky-bedded 
streams,  pure  and  transparent;  hills  of  moderate  height  and 
gentle  slope;  here  and  there,  especially  toward  the  heads  of  the 
streams,  small  lakes  as  clear  as  the  rivers,  some  skirted  with 
timber  and  some  with  banks  formed  by  the  green  sward  of  the 
open  prairies;  these  are  the  ordinary  features  of  the  pastoral 
landscape." 

In  Hall'sf  Geology  of  Iowa,  published  in  1858,  Professor 
Whitney  speaks  of  an  exposure  of  limestone  of  Hamilton  age 
near  the  town  of  Shellsburg.  He  also  mentions  a  few  places  near 
Vinton  where  outcrops  of  the  rocks  of  the  same  age  occur. 

In  another  place  Mr.  WhitneyJ  discusses^  the  probability  of 
local  beds  of  Carboniferous  strata  underlying  the  superficial 
materials  of  the  area  under  consideration. 

In  the  report  on  Iowa  Geology  by  Dr.  C.  A.  White  not  a  word 
is  said  with  respect  either  to  soils  or  topography,  or  to  the  in- 
durated rocks  or  the  Pleistocene  deposits  that  occur  within  the 
borders  of  Benton  county. 

W  J  McGee,§  in  his  Pleistocene  History  of  Northeastern 
Iowa,  refers  in  a  general  way  to  the  drainage,  and  the  behavior 


*D.  O.  Owen:    Report  Geol.  Sar. .  Wlsoonsln,  Iowa  and  Minnesota,  p.  100,  18fi2. 
iHall  and  Whitney :    Qwiiogj  of  Iowa,  Vol.  I,  Pt.  1,  pp.  282  and  S6&    1U8. 
Xlbid,  p.  264. 
$McQee:Bl6yentb  Ann.  Bept.  U.  S,  Qeol.  Sarv.  p.  221  etaeq.    1891. 
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of  some  of  the  streams.  He  also  mentions  deposits  of  loess 
and  sand  that  occur  at  various  points  within  the  area,  and 
giveis  a  few  sections  of  wells  put  down  in  this  particular  region. 

In  discussing  the  Paleozoic  strata  of  Northeastern  Iowa 
Prof.  W.  H.  Norton*  describes  sections  which  show  the 
different  formations  that  were  penetrated  in  putting  down  two 
deep  wells  in  the  town  of  Vinton.  Again,  in  his  report  on  the 
Artesian  Wells  of  Iowa,  Mr.  Norton  makes  a  detailed  descrip- 
tion of  these  wells  and  gives  an  analysis  of  their  water.f  In 
the  latter  report  Professor  Norton  also  discusses  the  Jumbo 
well  at  Belle  Plaine.J 

Professor  Chamberlain  has  published  an  account  of  the  well 
at  Belle  Plaine  which  for  a  time  after  it  was  drilled  provoked 
an  unusual  amount  of  discussion.§  A  few  years  later  Mr.  Call 
described  the  Belle  Plaine  artesian  well  and  attempted  to 
explain  the  source  of  the  water.H  In  1898  Mr.  Koy  Mosnat 
presented  an  excellent  account  of  the  Artesian  wells  of  the 
Belle  Plaine  area  in  the  present  series  of  the  Iowa  Survey 
reports.*[  This  area  includes  the  southwest  portion  of  Benton 
county  together  with  the  southeast  corner  of  Tama,  a  small 
area  in  the  northwest  corner  of  Iowa  county  and  the  north- 
east corner  of  the  county  of  Poweshiek. 


TOPOGRAPHY. 

General  description, — Over  the  greater  portion  of  Benton 
county  the  topography  is  what  physiographers  designate  as  a 
prairie  plain.  The  indurated  rocks  that  underlie  the  superficial 
materials  are  of  Devonian  age,  and  have  practically  a  horizontal 
position.  There  are  no  very  great  differences  in  altitude 
between  the  valleys  and  uplands,  nor  in  general  is  there  any 
great  diversion  from  the  gently  undulating  character  of  the 
prevailing  landscape}. 

•Norton :  Iowa  Oeol.  Surr.,  Vol.  Ill,  pp.   192-105.    1808. 

i-Nortoii :  Iowa  Oeol.  Bury. ,  Vol.  VI,  pp.  266-367.    1806. 

t Norton:  Iowa  Oeol.  Sory.,  Vol.  VI,  pp.  800-868.     1806u 

$  Ohambdrlala :  The  A.rteMan  Well  at  Belle  Plaine,  Iowa,  Bolenoe  VoL  Vm,  p.  S7& 

ilOall:  Iowa  Arteeian  Wells.    Weather  and  crop  Mrrloe,  VoL  III,  March,  1802. 

ITMoenat:  lowaG^eoL  Sarr.,  Vol.  IX,  pp.  688-626.     1808. 
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The  county  as  a  whole,  however,  embraces  topographic 
phenomena  of  exceeding  interest  for  the  reason  that  the 
surface  features  over  one  portion  of  the  area  have  been  de- 
veloped through  the  destructive  processes  of  erosion,  while 
those  over  another  part  of  the  region  have  been  moulded  by  the 
constructive  agency  of  ice. 

The  entire  surface  of  the  county  is  drift  covered  with  the  ex- 
ception of  small  areas  of  fluvial  deposits  along  the  flood  plains 
of  the  larger  streams.  The  drift  of  the  county  has  been  derived 
from  two  different  ice  sheets,  which,  in  time,  are  separated  by 
an  exceedingly  long  interval.  The  two  topographic  areas  men- 
tioned above  are  coincident  with  the  areas  over  which  the  drift 
of  these  respective  ice  sheets  are  spread  out  at  the  surface.  The 
older  portion  of  the  region,  that  over  which  the  uppermost  till 
is  of  Kansan  age,  embraces  a  little  more  than  the  south  half  of 
Iowa  township,  the  south  part  of  Leroy  and  a  small  area  near 
the  south  side  of  the  township  of  Saint  Clair. 

The  history  of  this  ancient  surface  is  one  of  long  continued 
exposure  to  the  processes  of  weathering  and  the  agents  of 
erosion.  It  is  recorded  in  the  chemical  and  physical  changes 
that  have  been  accomplished  in  the  superficial  portion  of  the 
drift.  It  is  revealed  in  the  deeply  carved  and  thoroughly  dis- 
sected divides.  It  is  reflected  in  the  depth  of  the  stream  chan- 
nels and  in  the  great  width  of  their  flood  plains.  In  general  it 
is  depicted  in  every  feature  of  the  landscape,  which  is  typical 
of  a  water  sculptured  region  approaching  the  conditions  of 
topographic  maturity. 

The  area  over  which  the  later  or  lowan  drift  was  spread 
embraces  the  most  of  the  county  with  the  exception  of  the 
older  portion  outlined  above.  That  the  topography  of  this  area 
was  impressed  upon  it  by  the  ice  is  shown  by  the  gentle 
curves  and  slight  inequalities  in  the  surface;  by  the  scant 
development  of  definite  stream  channels  and  the  absence  of 
any  widely  extending  series  of  secondary  branches;  by  the 
presence  of  innumerable  swales  or  saucer-like  depressions 
which  lie  between  low,  rounded  elevations,  and  which  have  not 
yet  been  obliterated  either  by  filling  or  by  drainage  or  by  both 
of  these  means  combined.  The  above  are  glacial  phenomena  and 
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they  clearly  testify  to  the  recent  retreat  of  the  ice  mantle  and  to 
the  extreme  topographic  youthfulness  of  this  portion  of  the 
county. 

The  lowan-Kansan  border. — The  sinuous  line  of  irregular 
elevations  that  marks  the  southern  limit  of  the  extension  of 
lowan  ice  in  Benton  county  begins,  on  the  west  side,  at  the 
town  of  Belle  Plaine.  To  the  west  and  south  of  this  place 
there  is  evidence  that  a  tongue  of  lowan  ice  pushed  down  the 
broad  valley  of  Salt  creek  and  for  some  distance  overspread  the 
flood  plain  of  the  Iowa  river.  To  the  north  of  Belle  Plaine,  for 
a  distance  of  two  miles,  the  line  of  hills  passes  near  the  west 
side  of  sections  17  and  8  of  Iowa  township.  Not  far  from  the 
northwest  corner  of  section  8  it  bends  to  the  eastward  for  one- 
half  mile  across  the  north  side  of  this  same  section.  It  then 
bends  southward  along  the  west  side  of  section  9,  forming  for 
some  distance  the  conspicuous  bluffs  in  the  west  bank  of  Stein 
creek.  In  the  northwest  part  of  section  16,  this  line  again 
bends  eastward  and  continues  in  a  sinuous  manner  not  far 
from  the  north  side  of  sections  16  and  15,  and  on  to  nearly  the 
middle  of  section  14.  Bending  southward  it  passes  diagonally 
across  the  southeast  quarter  of  section  14,  the  southwest  corner 
of  section  13  and  down  to  near  the  center  of  section  24.  Turn- 
ing eastward  for  nearly  one  mile  it  crosses  a  little  to  the  north 
of  the  middle  of  section  24  of  Iowa  township,  and  thence  passes 
towards  the  northeast  a  short  distance  south  of  the  town  of 
Luzerne.  It  continues  towards  the  northeast  across  the  north- 
west corner  of  section  19  of  Leroy  township,  and  on  to  the 
northeast  corner  of  18.  From  this  point  it  bends  eastward  for 
three-fourths  of  a  mile  and  then  continues  in  a  general  south- 
east direction  across  the  northeast  corner  of  section  17,  the 
southwest  corner  of  section  16,  the  north  end  of  section  22,  the 
southwest  comer  of  section  23  and  the  northeast  corner  of 
section  26.  See  figure  1.  Continuing  in  a  direction  a  little 
south  of  east,  about  one  mile  south  of  the  town  of  Blairstown, 
it  passes  diagonally  across  the  middle  of  section  25  of  Leroy 
township  and  enters  the  township  of  Saint  Clair,  a  few  rods 
north  of  the  southwest  corner  of  section  30.  From  this  point 
it  continues  in  a  general  southeast  direction  near  the  south 
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side  of  section  30,  and  diagonally  across  the  north  side  of  section 
32.  It  passes  eastward  near  the  middle  of  section  33  and  then 
crosses  diagonally  the  sonth  half  of  section  34.  It  crosses  the 
Benton-Iowa  county  line  a  little  east  of  the  middle  of  the  south 
side  of  section  35  of  Saint  Clair  township.  This  line  of  moraine- 
like  ridges  continues  in  a  southeasterly  direction  across  the 
northeast  corner  of  Iowa  connty  where  it  forms  a  conspic- 
uous border  of  hills  overlooking  the  south  side  of  section  36 
of  Saint  Clair  township  and  sections  31,  32,  33  and  34  of  Flor- 
ence.   From  section  35  its  trend  takes  it  so  far  south  into  Iowa 


county  that  it  appears  as  an  indistinct  line  almost  on  the 
horizon's  rim;  and  from  the  south  side  of  section  36  it  has 
entirely  disappeared  from  view,  being  obscured  from  sight  by 
the  presence  of  intervening  swells.  In  the  townships  of  Saint 
Clair  and  Leroy  the  lowan  border  is  beautifully  preserved  and 
is  very  conspicuous.  As  one  approaches  from  the  north,  the 
line  of  hills  rises  abruptly  to  a  height  of  fifty  to  seventy  feet 
above  the  comparatively  level  lowan  plain.  In  Iowa  township 
the  margin  is  less  distinct.    The  lowan  surface  is  here  much 


PHYSIOGRAPHY.  135 

more  broken;  the  pre-Iowan  topography  not  having  been 
greatly  altered.  For  this  reason  the  contrast  between  the 
surface  of  the  lowan  plain  and  the  line  of  hills  that  borders  it 
is  not  so  clearly  marked  in  Iowa  township  as  it  is  further  east, 
in  the  townships  of  Leroy  and  Saint  Clair.  To  the  careful 
observer  of  land  forms,  howewr,  the  subdued  and  rounded 
character  of  the  elevation,  together  with  the  choked  condition 
of  the  stream  channels  over  this  portion  of  the  lowan  area  will 
be  quite  readily  discriminated  from  the  higher,  and  more  deeply 
sand  or  loess  covered  hills  with  sharper  contours  and  the  more 
open  waterways  which  are  presented  in  the  region  of  the 
lowan-Eansan  border  in  Benton  county. 

These  elevations  can  scarcely  be  called  a  moraine  as  that 
term  is  usually  understood,  for  they  contain  no  proper  unspread 
lowan  drift.  In  fact,  the  lowan  glacier  deposited  scarcely  any 
pebbles  or  finely  pulverized  detritus  over  this  portion  of  the 
region  which  it  invaded.  It  would  seem  probable,  also,  that 
the  ice  became  so  exceedingly  thin  at  its  southern  margin  in 
Benton  county  that  its  onward  flow  was  obstructed  where  the 
stronger  hills  were  encountered,  the  ice  continuing  to  advance 
further  where  the  movement  was  over  level  areas  of  prairie  or 
flood  plain. 

As  an  obstruction  the  hills  may  have  acted  in  part  in  the 
nature  of  a  barrier  to  the  glacier's  advance,  and  again  their 
presence  would  be  a  cause  of  the  much  more  rapid  melting  and 
destruction  of  the  ice,  owing  to  the  partial  breaking  up  of  the 
attenuated  mass  as  it  moved  over  the  very  uneven  surface. 
Thus  it  seems  possible  that  the  presence  of  such  hills  may  have 
determined  the  particular  line  of  lower  limit  reached  by  the 
lowan  glacier  in  this  portion  of  the  state.  The  hills  immedi- 
ately adjacent  to  the  ice  margin  would  receive  the  deepest 
deposits  of  loess  or  sand  which  was  swept  from  the  surface  of 
the  melting  glacier  by  the  agencies  of  wind  and  water.  It  is 
the  presence  of  these  deep  deposits  of  loess  or  sand  overlying 
the  ancient  hills  of  Kansan  drift  which  increases  to  such  an 
extent  the  altitude  of  the  elevations  along  the  lowan  border 
above  that  of  the  hills  over  the  unmodified  portion  of  the  Kan- 
san drift  plain,  and  which  makes  the  transition  from  the  com- 
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paratively  level  surface  of  the  lowan  plain  to  that  of  the  Kansan 
so  abrupt  and  conspicuous.  That  the  presence  of  hills  deter- 
mined in  some  measure  the  particular  line  to  which  the  south- 
ern margin  of  the  lowan  ice  advanced  would  seem  probable 
from  the  fact  that  around  the  most  of  its  southern  border  such 
a  line  of  hills  bounds  the  lowan  plain.  Where  the  ice  moved 
over  a  level  area  it  advanced  further  southward,  as  is  shown  in 
the  lobe  which  occupied  the  valley  of  Salt  creek  in  the  western 
portion  of  the  county.  The  cores  of  the  bordering  hills  are 
composed  of  till  of  Kansan  age.  In  the  upper  portion  of  this 
drift,  immediately  beneath  the  covering  of  sand  or  loess,  there 
is  a  zone  in  which  the  drift  is  thoroughly  leached  of  its  lime 
constituent  and  in  which  the  contained  iron  is  highly  oxidized, 
coloring  the  till  a  dark  reddish-brown  to  a  depth  of  two  to  four 
feet,  the  transition  being  gradual  down  to  the  unchanged  blue 
color  of  the  drift  below.  Recent  erosion  has  in  numerous 
places  exposed  this  leached  and  oxidized  horizon  which  in  all 
cases  conforms  to  the  present  contour  of  the  hills.  These  facts 
would  indicate  that  the  bordering  hills  were  carved  by  erosion 
long  before  the  invasion  of  the  lowan  glacier  or  the  deposition 
of  the  overlying  mantle  of  loess  or  sand;  that  they  were  present 
at  the  time  of  advance  and  opposed  the  onward  movement  of 
the  lowan  ice. 

If  they  did  determine  in  some  measure  the  distance  south- 
ward which  the  lowan  glacier  attained,  the  ice  near  the  margin 
must  have  been  exceedingly  attenuated  for  its  flow  to  be  in- 
fluenced by  such  slight  inequalities  in  the  surface.  If  the 
lowan  ice  movement  was  thus  influenced  near  the  margin  by 
the  presence  of  hills  we  have  a  possible  explanation  of  why, 
within  a  few  miles  of  its  border,  there  are  left  paha-like  hills 
and  pre-Iowan  island  areas,  both  overlain  by  loess,  such  as  ap- 
pear near  the  towns  of  Garrison,  Watkins  and  Norway,  and 
which  occur  at  other  places  along  its  southern  margin;  of  why 
the  lowan  border  presents  such  a  large  number  of  narrow,  digi- 
tating  lobes,  as  at  Salt  creek  and  at  numerous  points  to  the  east 
of  Benton  county;  of  why  its  margin  in  so  many  places  coin- 
cides for  some  distance  with  one  of  the  bordering  banks  of  a 
pre-glacial  stream  as  in  the  case  of  Deer  creek  and  Salt  creek 
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in  Tama  county,  and  Stein  and  Prairie  creeks  in  the  county  of 
Benton ;  of  why  in  other  cases  the  lowan  ice  seemed  to  avoid 
the  immediate  vicinity  of  the  larger  streams,  and  why  it  should 
follow  parallel  with,  but  at  some  distance  from,  the  valley  of 
the  Iowa  river  through  the  counties  of  Benton  and  Iowa. 

The  Kansan  area. — The  portion  of  Benton  county  over  which 
the  superficial  drift  is  of  Kansan  age  has  been  outlined  above. 
It  embraces  about  forty  square  miles,  twenty-five  thousand  six 
hundred  acres,  in  the  extreme  south  and  southwest  portion  of 
the  county.  The  northern  border  of  this  area  follows  a  sinuous 
line  that  is  approximately  parallel  with  the  channel  of  the  Iowa 
river,  and  which  has  an  average  distance  from  that  stream  of 
about  five  miles. 

As  would  be  expected  from  its  proximity  to  the  river,  the 
Kansan  plain  is  here  deeply  gashed  and  trenched  by  an  intri- 
cate system  of  stream  channels  so  that  no  large  undissected 
upland  areas  are  left  in  this  portion  of  the  county.  The  wagon 
roads  have  in  many  places  no  relation  to  the  section  lines,  but 
follow  the  channels  of  the  streams,  or  wind  in  a  zigzag  manner 
along  the  tops  of  the  narrow  divides.  From  these  ridges  the 
traveler  looks  oft  on  either  side  over  an  almost  endless  series  of 
hills  and  ravines.  The  tops  of  the  elevations  rise  sixty  to  eighty 
feet  above  the  deeper  valleys.  The  slopes  are  quite  steep.  The 
bottom  of  ^he  smaller  runnels  are  open  and  their  sides  are 
sharply  angular,  testifying  to  the  activity  of  erosion  at  the 
present  time.  A  comparatively  mild  type  of  Kansan  drift 
topography  is  shown  in  figure  2. 

As  is  usual  throughout  a  belt  some  miles  in  width  around  the 
immediate  margin  of  the  lowan  plain,  the  Kansan  surface  is 
mostly  covered  by  a  heavy  deposit  of  homogeneous,  uncon- 
solidated material  which  is  usually  composed  of  loess  or  occa- 
sionally of  rather  fine-grained,  yellow  colored  sand.  This  ma- 
terial varies  in  depth  from  a  few  inches  to  fifteen  or  twenty 
feet.  All  of  the  area  of  Kansan  drift  in  Benton  county  has 
been  modified  by  the  presence  of  this  more  recent  deposit  At 
numerous  points  over  the  area,  the  streams  have  cut  their 
channels  through  the  covering  of  loess  and  revealed  the 
presence  of  the  underlying  Kansan  drift.    Such  exposures  may 
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be  seen  along  the  roadway  betweeo  sections  13  and  14,  and 
a^ain  between  sections  14  and  22  of  Iowa  townsbip;  also  along 
the  south  part  of  section  84  of  Leroy  township  and  at  very 
many  other  places  over  the  area.  These  exposures  reveal  the 
fact  that  the  loess  forms  a  mantle  over  the  old  and  deeply 
eroded  Kansao  surface  duplicating  more  or  less  perfectly  the 
configuration  of  the  surface  of  this  underlying  drift. 

The  profound  erosion  which  the  region  has  suffered  was 
practically  accomplished  during  the  long  period  that  intervened 
between  the  withdrawal  of  the  Kansan  ice  sheet  and  the  depo* 
sition  of  the  loess. 


Tia.  Z    wild 


The  loess  is  not  of  a  perfectly  uniform  depth  over  the  sum- 
mits and  the  slopes.  Usually  the  thickness  is  somewhat  greater 
near  the  crests  of  the  hills  but,  as  far  as  the  topography  is 
concerned,  its  presence  serves  only  to  enhance  the  abruptness 
of  tbe  curves,  the  steepness  of  the  slopes  and  the  height  of  the 
hills. 

The  larger  streams  of  the  region  flow  in  valleys  of  pre-Kansan 
ape.    Their  waters  have  swept  from  side  to  side  in  broad  curves 
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and  expanded  their  channels  into  wide  flood  plains.  The  Iowa 
river  in  Benton  county  has  developed  such  a  flood  plain  more 
than  two  miles  in  width.  Stein  creek  flows  in  the  midst  of 
such  a  plain  which  is  three-fourths  to  one  mile  broad,  while  the 
smaller,  streams  follow  valleys  that  are  exceedingly  wide  in  pro- 
portion to  the  volume  of  water  which  they  carry. 

The  lowan  area. — The  area  in  Benton  county  that  was  covered 
by  the  lowan  ice  sheet  includes  the  most  of  that  portion  lying 
to  the  north  of  the  bordering  line  of  hills  traced  above.  It 
embraces  very  much  the  greater  portion  of  the  county.  In  this 
region  the  topography  is  that  of  an  undulating  prairie  over 
which  gentle  swells  and  grassy  swales  alternate  in  almost  end- 
less succession. 

Over  the  most  of  this  region  the  streams  have  not  yet  suc- 
ceeded in  cutting  definite  channels,  nor  have  they  developed 
any  complex  system  of  tributaries.  The  storm  waters  escape 
along  ill  defined,  concave  depressions  of  a  marshy  character. 
These  have  their  sources  in  the  saucer  shaped  basins  which  are 
more  or  less  inclosed  by  the  irregular  disposition  of  the  swells. 
Water  courses  in  the  form  of  sloughs  or  marshes  are  typical  of 
the  lowan  drift  topography,  and  are  in  striking  contrast  to  the 
deep  and  open  ravines  that  form  so  constant  a  feature  of  the 
Kansan  drift  surface. 

Over  all  of  the  lowan  area  in  Benton  county  solitary  bowlders 
of  light  colored  granite  are  not  infrequent.  Some  of  these  are 
of  large  size,  but  usually  they  are  not  so  numerous  or  so  large 
as  to  constitute  topographic  features  of  any  great  importance. 
Along  the  western  portion  of  the  county  the  surface  is  gently 
rolling,  and  in  the  townships  of  Monroe  and  Homer  it  passes 
into  a  very  slightly  undulating,  almost  level,  plain.  This  type 
of  surface  is  shown  in  figure  3.  In  the  southern  part  of  Kane 
township,  the  northern  portion  of  Iowa  and  the  northwest  cor- 
ner of  Leroy,  the  surface  becomes  quite  broken.  The  hills  are 
somewhat  subdued  and  in  some  places  have  received  a  deposit 
of  loess  several  feet  in  thickness.  Such  a  deposit  of  fossil  bear- 
ing loess  is  exposed  in  a  cut  along  the  roadside.between  sections 
12  and  13  of  Iowa  township.  Over  this  area  lowan  bowlders  are 
quite  numerous.    The  hills  are  plainly  of  pre-Iowan  origin. 
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Pre-Iowan  erosion  was  strong  here  on  account  of  the  proximity 
of  the  towa  river.  The  thin  sheet  of  lowan  ice  that  invaded 
the  area  was  not  of  sufiBcient  depth,  it  did  not  carry  sufficient 
materials,  nor  did  its  flow  continue  for  a  sufficient  length  of 
time  to  level  down  this  deeply  sculptured  section  over  which  it 
moved.  The  loess  covering  would  suggest  that  the  ice  dis- 
appeared from  these  hills  earlier  than  it  withdrew  from  the 
adjacent  portions  of  the  lowan  plain. 

In  Cedar  township  the  undulating  prairie  surface,  dotted 
with  frequent  bowlders  of  respectable  size  and  having  numer- 
ous marshes  occupying  depressions  between  the  low,  rounded 
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prominences,  extends  right  Op  to  the  bluff  that  overlooks  the 
west  bank  of  the  Cedar  river. 

In  the  east-central  portion  of  Monroe  township  there  is  an 
elongated  area,  embracing  about  five  hundred  acres,  that 
appears  like  an  island  of  loess-covered  Kansan  standing  in 
the  midst  of  the  typical  lowan  plain.  The  long  axis  of  this 
area  extends  from  the  northwest  towards  the  southeast.  Its 
topography  is  similar  to  that  of  the  eroded  Kansan  plain  such 


PHYSIOGRAPHY.  141 

as  is  encountered  south  of  the  lowan  margin.  The  slopes  and 
crests  of  the  hills  are  mantled  with  loess,  and  there  is  no  trace 
of  lowan  drift  or  lowan  bowlders  or  lowan  ice  action  to  be 
seen  upon  it. 

Another  such  peculiar  area  rises  abruptly  out  of  the  lowan 
plain  in  the  northeast  quarter  of  Big  Grove  township.  This 
area  is  more  than  two  miles  in  length  and  has  a  width  of  one 
and  one-fourth  miles.  Its  axis  trends  in  the  same  general 
direction  as  that  of  the  former.  Like  the  former,  too,  this  area 
is  deeply  dissected.  The  tops  of  the  hills  stand  forty  or  fifty 
feet  above  the  ravines  and  sixty  to  seventy  feet  above  the  gen- 
eral lowan  surface.  Like  the  former  area,  also,  there  is  a  deep 
deposit  of  loess  covering  the  summits  and  sides  of  the  hills, 
and  there  are  no  lowan  bowlders  and  no  indications  of  any  kind 
to  suggest  that  it  had  been  covered  by  a  glacier  since  the  Kan- 
san  age. 

When  the  early  settlers  came  to  this  county  they  found  these 
areas  forest  covered.  Groves  of  native  timber  still  remain 
over  the  steeper  hillslopes.  The  presence  of  such  a  woodland 
area  within  its  borders,  in  the  midst  of  the  treeless  lowan 
prairie,  suggested  for  Big  Grove  township  its  name. 

These  island  areas  of  Kansan  features,  that  were  surrounded 
but  not  submerged  by  the  lowan  ice,  form  a  part  of  a  discon- 
tinuous chain  of  hills  that  extends  in  a  southeasterly  direction 
from  near  the  middle  of  Monroe  township  to  the  northeast 
corner  of  the  township  of  Florence.  The  abrupt  elevations 
that  overlook  the  town  of  Garrison  from  the  northwest  are 
members  of  this  interrupted  series.  An  area  of  very  broken 
country,  one-half  mile  to  one  and  one-half  miles  in  width,  con- 
tinues this  line  of  hills  from  near  the  town  of  Newhall,  in 
Eldorado  township,  to  the  valley  of  Prairie  creek,  in  the  north- 
east corner  of  Florence  township.  These  latter  hills  rise  sixty 
to  eighty  feet  above  the  general  altitude  of  the  lowan  surface. 
They  bear  a  thin  mantle  of  loess,  but,  in  the  main,  the  rounded 
character  of  their  contours  and  the  presence  of  occasional 
bowlders  of  respectable  size  testify  to  a  transient  visit  of  a  very 
thin  body  of  lowan  ice.  The  presence  of  this  peculiar  belt  of 
hills  extending  across  the  county  would  indicate  that  the  ice 
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which  moved  over  that  particular  area  was  so  thin  that  it 
failed  to  overflow  the  island  areas  at  all,  and  that  it  did  not 
move  over  the  other  hills  of  this  belt  in  sufficient  depth  and 
for  a  sufficient  length  of  time  to  efface  to  any  great  extent 
their  pre-Iowan  features. 

It  is  possible  that  the  trend  of  this  chain  of  hills  represents 
the  direction  in  which  the  ice-flow  advanced  and  that  this  line 
is  the  result  of  a  single  attenuated  portion  near  the  frontier  of 
the  icy  sea.  However,  it  seems  certain  that  the  lowan  glacier 
became  generally  very  thin  towards  its  margin  from  the  frequent 
occurrence  of  paha  which  are  but  another  phase  of  the  phe- 
nomena described  above. 

Paha  is  a  name  applied  by  McGee  to  isolated  prominences 
that  occur  near  the  margin  of  the  lowan  plain,  and  which  were 
surrounded  but  not  covered  by  the  lowan  glacier.  They  rise 
abruptly  out  of  the  level  prairie.  The  nucleus  of  these  eleva- 
tions in  Benton  county  is  a  hill  of  undisturbed  Eansan  till. 
This  drift  is  buried  beneath  a  mantle  of  fine-grained,  pebbleless 
material  similar  to  that  which  crowns  the  hills  along  the  lowan 
border.  Such  prominences  are  not  uncommon  in  Benton 
county  and  they  are  even  more  frequent  to  the  eastward,  in 
the  counties  of  Linn,  Cedar  and  Delaware. 

A  short  distance  northwest  of  the  town  of  Norway  an 
elongated  paha  ridge,  one  and  one-half  miles  in  length  and  one 
hundred  rods  in  greatest  width,  extends  from  near  the  east  side 
of  sectioQ  13  of  Saint  Clair  township  in  a  southeast  direction 
across  section  18,  and  to  near  the  middle  of  section  17  of  the 
township  of  Florence.  This  conspicuous  elevation  stands  about 
eighty  feet  above  the  surrounding  plain.  Its  axis  is  a  ridge 
of  drift  which  at  the  top  shows  the  leached,  ferretto  character 
of  the  old  Kansan  surface.  At  the  northwest  end  of  this  hill 
the  drift  is  overlain  by  a  bed  of  loose  sand  six  to  ten  feet  in 
depth.  Passing  towards  the  southeast  the  material  of  this 
mantle  becomes  finer  so  that  the  covering  of  all  but  the  upper 
end  of  the  paha  is  typical  loess.  From  the  loess  bank  at  the 
east  end  of  this  ridge  Mr.  Trojorsky  obtains  clay  for  the  manu- 
facture of  brick  and  tile. 
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About  one  mile  northeast  of  the  town  of  Watkins  there  is  a 
similar  ridge  having  a  trend  in  the  same  direction.  This  paha 
is  fifty  to  sixty  feet  in  height,  three-fourths  of  a  mile  in  length, 
and  forty  rods  in  width.  Near  its  summit  strongly  oxidized 
bowlder  clay  with  abundant  gravel  appears  within  two  feet  of 
the  surface,  while  a  mantle  of  loess,  in  places  seven  feet  in 
depth,  covers  the  lower  portion  of  the  slopes.  In  the  case  of 
each  of  these  paha,  like  that  of  the  larger  Eansan  island  areas 
described  above,  the  ice  seems  to  have  been  divided  by  the  ob- 
structing hill  of  drift  which  at  these  points  probably  stood 
higher  than  the  general  altitude  of  the  region.  In  this  manner 
long  crevasses  may  have  been  formed  in  which  fine  detritus  was 
deposited  by  wind  and  water  upon  the  exposed  summits  of 
Kansan  hills.  These  isolated  prominences  would  thus  escape 
the  leveling  action  of  the  Towan  ice,  and  so  be  left  like  a  chain 
of  coast  islands  along  the  margin  of  the  frozen  sea.  Under  such 
conditions  they  would  receive  their  mantle  of  loess  in  a  manner 
similar  to  that  of  the  hills  along  the  lowan  border. 

The  eminences  above  described  are  the  only  exceptional  ele- 
vations that  break  the  monotony  of  the  undulating  surface  in 
the  townships  of  Florence,  Fremont,  Big  Grove,  Jackson  and 
Cedar.  Also  in  Bruce,  Union,  Eldorado  and  Eden  townships 
the  only  digressions  from  the  billowy  character  of  the  land- 
scape are  the  valleys  where  the  larger  streams  follow  pre-Iowan 
courses  which  the  lowan  drift  failed  completely  to  fill.  The 
same  may  be  said  of  Saint  Clair  township,  with  the  exception 
of  the  small  Eansan  area  in  the  extreme  southern  part.  The 
northern  portion  of  Leroy  presents  similar  surface  features,  as 
also  do  the  south  half  of  Canton  and  the  north  half  of  Kane 
townships. 

In  the  northeastern  portion  of  the  county,  in  the  proximity 
of  the  Cedar  river  and  its  larger  tributaries,  there  is  an  area 
over  which  the  present  topography  has  been  largely  determined 
by  aeolian  agencies.  The  surface  is  here  quite  broken.  The 
hills  in  many  places  are  crowned  with  fine-grained  materials 
and  rise  to  a  height  of  fifty  to  sixty  feet  above  the  lower  lands. 
This  region  is  embraced  in  the  lowan  plain,  but  its  surface  is 
modified  by  exceptional  erosion  and  by  the  presence  of  abnn- 
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dant  deposits  laid  down  by  the  winds.  In  many  places  numer- 
ous large,  gray  granite  bowlders  are  scattered  quite  thickly 
over  the  lower  lands  and  on  the  flanks  of  the  hills.  Bowlder- 
strewn  fields  are  more  conspicuous  topographic  features  over 
this  portion  of  the  lowan  drift  plain  than  at  any  other  points 
in  the  county.  These  large  granite  masses  appear  incongruous 
among  the  trees  that  still  cover  the  steeper  slopes.  An  exam- 
ple of  one  of.these  large  bowlders,  near  Shellsburg,  ii  shown  in 
figure  4.    The  timber  groves  of  white  oak  and  red  oak,  of  elm. 


(hs  middle  of  Mctlou  M.C&ntOD  towDnblp. 


hickory,  basswood  and  butternut  seem  to  thrive  not  a  whit  less 
perfectly  over  this  portion  of  the  lowan  plain  than  on  the  ciay 
ridges  over  the  rougher  portion  of  the  Kansan. 

The  sand-capped  hills  have  little  regularity  of  form  or 
arrangement,  and  not  infrequently  the  sparkling  water  of  a 
beautiful  lakelet  is  nestled  at  their  feet,  and  mirrors  the  trees 
and  grasses  that  fringe  their  foothills.  In  Polk  township  hills 
of  sand  occur  west  and  south  of  the  town  of  Urbana  to  the 
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Cedar  river,  and  east  and  southeast  to  the  Benton  county  line. 
In  some  cases  the  ridges  extend  in  a  general  east  and  west 
direction  and  seem  to  be,  in  part  at  least,  of  the  nature  of 
dunes  formed  by  obstructions  which  checked  the  velocity  of 
dust  laden  curi^ents  of  air  during  the  time  of  retreat  and  since 
the  withdrawal  of  the  lowan  ice. 

North  of  Urbangi,  in  Polk  township,  the  level  surface  of  the 
lowan  plain  stretches  unbroken  up  to  the  northern  border  of 
Benton  county.  South  of  the  Cedar  river  there  is  a  rugged 
area  lying  between  that  stream  and  the.  main  line  of  the  old 
Burlington,  Cedar  Rapids  and  Northern  railroad,  embracing  a 
part  of  Taylor  township,  the  whole  of  Benton  and  the  northern 
portion  of  Canton.  The  tops  of  the  sand  or  loess  crowned  hills 
rise  fifty  to  sixty  feet  above  the  marshes  or  basins  or  valleys 
that  lie  between  them.  In  many  of  these  deposits  the  loess 
contains  fossils.  A  good  exposure  of  such  a  fossil  bearing  bed 
may  be  seen  in  the  east-central  part  of  section  34,  Benton 
township. 

Where  the  surface  is  the  most  broken  a  fine  forest  of  second 
growth  timber  covers  the  hills,  and  it  would  be  well  for  the 
people  of  the  county  if  the  woodlands  that  yet  remain  might  be 
judiciously  preserved.  While  there  is  little  in  the  topography 
of  this  region  to  suggest  that  it  had  suffered  an  invasion  of  the 
lowan  glacier,  yet  large  bowlders  of  granite,  gray  or  pink  in 
color,  are  not  rare  over  portions  of  this  area.  Such  granite 
masses  may  be  seen  a  short  distance  east  of  the  wagon  road 
near  the  west  side  of  section  33  of  Benton  township,  and  they 
are  especially  abundant  in  the  fields  on  either  side  of  the  road 
passing  across  the  middle  of  sections  14  and  15  of  the  same 
township. 

There  is  an  abandoned  river  channel,  one-half  mile  to  one 
mile  in  width,  that  extends  in  a  southeasterly  direction  from 
the  site  of  the  old  town  of  Benton  city,  on  the  Cedar  river,  to 
the  southeast  corner  of  Benton  township.  It  meets  the  present 
channel  of  the  Cedar  river  again  about  one-half  mile  east  of  the 
Benton-Linn  county  border.  This  old  valley  is  known  locally 
as  "Sand  Prairie."  Beds  of  sand  like  river  bars  abound  over  the 
lowlands,  and  deposits  of  similar  materials  crown  the  summits 
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of  tbe  bordering  bluffs  tbat  rise  to  a  height  of  seventy  or  eighty 
feet  on  either  side.  The  Cedar  river  doubtless  occupied  this 
waterway  at  one  time,  but  for  some  reason  its  waters  have  since 
carved  a  deeper  and  more  circuitous  channel  through  resistant 
Devonian  limestone,  leaving  this  abandoned  valley  a  witness 
to  tbe  changes,  but  affording  slight  explanation  as  to  the  cause 
of  such  desertion . 

Between  Sand  Prairie  and  the  Cedar  river  circular  mounds 
and  oblong  earthworks  of  some  prehistoric  inhabitants  are  con- 
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spicuous.  Numerous  stone  hatchets,  flint  arrowheads,  scrapers 
and  other  implements  of  early  man  have  been  found  over  the 
region  by  Mr.  Thomas  Carver,  of  Shellsburg,  and  other  enthu- 
siastic collectors.  Near  tbe  northwest  corner  of  section  15  of 
Benton  township  there  is  a  glacial  lake  that  covers  an  area  of 
three  and  one-half  to  four  acres,  and  which  formerly  was  of 
much  larger  size.  See  figure  5.  It  is  surrounded  by  low, 
forest  clad  bills  and  is  situated  one  hundred  feet  above  the  flood 
plain  of  the  Cedar  river  and  twenty  rods  south  of  the  bluff  tbat 
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borders  the  valley.  About  three-fourths  of  a  mile  southwest 
of  this  lake  there  are  a  number  of  mounds  composed  of  rather 
fine-grained  sand,  and  disposed  in  a  line  along  the  crest  of  a 
divide  that  is  bordered  on  either  side  by  a  deep  ravine.  Another 
group  consisting,  of  ten  or  twelve  circular  mounds  arranged 
about  an  oblong  ridge  six  or  seven  rods  in  length  occurs  a  short 
distance  to  the  southeast  of  the  lake  mentioned  above.  Exca- 
vations  in  these  mounds  have  furnished  a  few  poorly  preserved 
fragments  of  human  bones.  The  mounds  are  probably  tumuli 
where  men  of  a  departed  race,  with  a  keen  sense  of  the  beauti- 
ful withal,  built  the  graves  of  their  fathers  beside  the  quiet 
waters  of  this  charming  lakelet,  and  overlooking  the  valley  of 
the  river  where  picturesque  bluffs  of  woodland  and  scarped  cliffs 
of  limestone  make  beautiful  its  bordering  banks. 

The  area  embraced  between  the  bend  of  the  Cedar  river  and 
the  abandoned  valley  of  Sand  Prairie  is  the  scenic  portion  of  the 
county.  For  purposes  of  tillage  the  land  can  not  be  compared 
with  the  deep,  black  soil  of  the  wide  prairie  that  surrounds  it 
at  some  distance  on  every  side.  The  steep  hillslopes  and  sand 
covered  crests  should  never  be  deforested,  nor  shouldjthe  plow 
of  the  too  enterprising  farmer  be  allowed  to  convert  these  uni- 
form slopes  into  angular  trenches  and  rain  washed  gulleys. 
If  the  more  densely  wooded  portion  of  this  area,  so  convenient 
to  the  towns  of  Vinton,  Shellsburg  and  Urbana,  could|be  pre- 
served as  a  picnic  ground  or  public  park,  accessible^^to  all  for 
purposes  of  pleasure  and  recreation  and  for  the  beneficent  in- 
fluence which  objects  of  natural  beauty  so  graciously Jafford,  it 
would  prove  a  constant  source  of  satisfaction  and  enjoyment 
to  the  enlightened  people  of  Benton  county. 
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ALTITUDBS. 

The  following  table  of  elevations,  compiled  from  Gannett's 
Dictionary  of  Altitudes  in^  the  United  States,  gives  the  height 
above  tide  of  the  roadbed  at  the  railway  station  in  the  most  of 
the  towns  of  Benton  county: 

NAMB  OF  STATION.  FBBT. 

1.  Shellsburg 774 

2.  Atkins 841 

3.  Norway 792 

4.  Walford 806 

5.  Vinton 810 

6.  Newhall 877 

7.  Watkins 812 

8.  Mt.  Auburn 863 

9.  Garrison 859 

10.  Van  Horn 951 

11.  Blairstown 839 

12.  Luzerne 897 

13.  Keystone 883 

14.  Belle  Plaine 824 

From  an  examination  of  the  table  of  altitudes  it  will  be  seen 
that  in  the  northern  part  of  Benton  county  the  surface  slopes 
towards  the  southeast,  while  in  the  southern  portion  the 
inclination  is  almost  due  eastward.  The  highest  point  of  the 
area  is  probably  in  the  western  part  of  Monroe  township,  on  the 
divide  between  the  Cedar  and  the  Iowa  rivers.  At  the  town  of 
Dysart,  just  across  the  line  in  Tama  county,  the  altitude  is  968 
feet.  From  this  point  the  line  of  greatest  elevation  extends 
in  a  general  southeast  direction  to  Van  Horn,  thence  east  to 
Newhall.  It  then  bends  a  little  south  of  east,  passing  about 
one  and  one-half  miles  south  of  the  town  of  Atkins. 

The  Shellsburg  topographic  sheet,  published  by  the  United 
States  Geological  Survey,  gives  the  altitude  along  the  flood 
plain  of  the  Cedar  river  in  the  eastern  portion  of  Benton 
county  as  about  760  feet  above  the  mean  sea  level,  and  the 
elevation^of  the  tops  of  the  hills  in  that  portion  of  the  county 
at  960  feet.  It  seems  probable  that  the  measure  of  the 
extreme  range  between  the  highest  and  the  lowest  elevations 
in  the  county  would  not  much  exceed  210  feet. 
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DRAINAGE. 

Two  master  streams,  the  Cedar  river  and  the  Iowa,  control 
the  drainage  of  Benton  county.  The  northeastern  and  the 
southwestern  portions  of  the  county  are  pretty  well  dissected 
by  stream  channels,  and  consequently  have  a  fairly  thorough 
surface  drainage.  Over  a  large  portion  of  the  intervening  area, 
however,  marshes  are  not  infrequent.  Many  of  the  sloughs 
have  not  yet  been  converted  into  corn  fields,  nor  have  all  of 
the  swales  been  properly  tiled  and  put  under  the  plow. 

These  marshes  are  the  contracted  remnants  of  once  larger 
glacial  lakes.  They  represent  the  last  stages  in  the  passing  of 
these  lakes  from  which  the  water  has  been  banished  by  the 
development  of  slight  drainage,  by  the  shrinking  of  the  ground 
water,  by  filling  with  material  borne  by  the  winds  and  washed 
by  the  rains  from  the  bounding  slopes,  and  by  the  accumula- 
tion of  the  imperfectly  decomposed  remains  of  moisture  loving 
plants  which  for  many  generations  flourished  aro\ind  the  shal- 
low margin  of  these  prairie  pools. 

Some  of  the  marshes  still  furnish  congenial  conditions  for 
the  growth  of  cat-tails  and  rushes.  The  most  of  them,  how- 
ever support  a  luxuriant  growth  of  swamp  grass  and  sedges. 
During  the  summer  months  the  uniformly  rich,  green  color  of 
these  grassy  patches  is  broken  only  where  a  solitary  water 
hemlock  spreads  aloft  its  delicate  umbels  or  a  swamp  milkweed 
unfolds  its  purple  flowers.  Such  areas  are  usually  left  for 
native  meadow,  or  fenced  and  utilized  for  purposes  of  pas- 
turage. 

The  Iowa  river. — The  Iowa  river  receives  the  run-off  from  an 
area  of  about  seventy-five  square  miles  in  the  southwest  corner 
of  the  county.  It  enters  Benton  from  Tama  county  about  the 
middle  of  the  west  side  of  section  31  of  Iowa  township.  It  cuts 
across  the  southwest  corner  of  this  section  and  enters  Iowa 
county  about  the  middle  of  the  south  side  of  the  same  section. 
After  passing  south  for  a  distance  of  one-fourth  of  a  mile  the 
channel  bends  northward  and  once  more  enters  Iowa  township 
near  the  southwest  corner  of  section  32.  It  meanders  near  the 
south  side  of  this  section  for  one-half  mile,  then  bending  further 
southward  it  again  leaves  Benton  county  and  returns  no  more 
to  its  borders. 
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Along  this  portion  of  its  coarse  the  river  flows  in  a  channel 
of  pre-Eansan  age  which  was  probably  carved  in  the  indurated 
rocks  before  the  advent  of  the  Glacial  epoch.  Wells  that  have 
been  put  down  over  the  fldod  plain  of  the  Iowa  in  Benton  county 
show  that  the  preglacial  channel  was  more  than  two  hundred 
feet  deeper  than  the  bed  of  the  present  stream.  The  width  of 
the  ancient  valley  has  not  been  definitely  ascertained,  but  well 
borings  would  indicate  that  it  was  probably  not  less  than  five 
or  six  miles.  The  waters  of  the  present  river  flow  in  a  broad 
flood  plain  nearly  two  miles  in  width.  The  valley  is  bordered 
by  bluffs  of  Kansan  drift  that  stand  sixty  to  eighty  feet  above 
the  bed  of  the  stream.  At  none  of  the  numerous  meanders  of 
the  river  has  the  current  cut  away  the  bordering  hills  to  such 
an  extent  as  to  expose  the  indurated  rocks  which  formed  the 
banks  of  the  preglacial  valley. 

Stein  creek. — The  only  tributary  to  the  Iowa  river  whose 
waters  are  largely  collected  from  Benton  county  is  Stein  creek. 
This  stream  rises  in  the  ill  drained  swales  of  the  lowan  plain 
near  the  southern  border  of  Kane  township.  It  flows  in  a 
southeasterly  direction  across  Iowa  township,  crossing  the 
county  line  near  the  southwest  corner  of  section  86.  It  drains 
a  few  square  miles  along  the  south  side  of  the  township  of 
Kane,  and  the  greater  portion  of  the  surface  of  Iowa  township. 
Its  waters  flow  in  a  pre-Eansan  valley  bordered  by  hills  of 
drift  of  Eansan  age.  At  no  point  in  this  portion  of  the  county 
are  indurated  rocks  exposed  in  the  banks  of  the  stream.  The 
channel  of  Stein  creek  has  a  flood  plain  three-fourths  of  a 
mile  in  width  and  it  is  bounded  by  blufEs  sixty  feet  in  height. 
The  hills  that  form  the  west  bank  of  the  valley  are  higher  and 
more  precipitous  than  those  that  border  it  on  the  east. 

The  Cedar  river. — The  Cedar  river  enters  Benton  county, 
from  Black  Hawk,  near  the  northwest  corner  of  section  6,  town- 
ship 86  north,  range  10  west.  It  floy^s  for  about  two  miles  in  a 
direction  a  little  south  of  east  and  then  bends  nearly  due  south 
for  a  distance  of  three  miles.  Along  this  portion  of  its  journey 
the  waters  are  confined  in  a  comparatively  narrow  channel 
which  is  bounded  for  much  of  the  distance  by  abrupt  ledges  of 
limestone.    Near  the  middle  of  the  west  side  of  section  21  of 
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Harrison  township  the  river  bends  westward,  debouching  in  a 
broad,  drift  bordered  valley  one  and  one-half  to  two  miles  in 
width  which  it  follows  down  to  the  city  of  Vinton. 

This  broad  valley  continues  toward  the  southeast  from  Vinton 
past  the  town  of  Sbellsbur^  and  beyond  the  limits  of  the  county. 
It  is  bordered  on  the  north  by  rather  abruptly  sloping  hills, 
but  on  the  south  the  bed  of  the  channel  merges  by  -  a  gentle 
gradient  into  the  undulations  of  the  lowan  plain.  Instead  of 
following  the  direct  course  in  the  channel  already  formed,  the 
bed  of  which  is  only  a  few  feet  higher  than  its  own  flood  plain, 
the  Cedar  river  swings  northward  at  Vinton  and  continues  to 
flow  in  that  direction  up  to  the  southeast  corner  of  section  9  of 
Taylor  township.  It  then  changes  to  a  southeasterly  trend  for 
two  and  one-half  miles,  when  it  again  bends  to  >  the  northeast 
for  one  mile,  and  then  with  a  swing  to  the  southeast  and  east  it 
reaches  the  old  town  of  Benton  City,  about  the  niiddle  of  the 
west  side  of  section  20,  Benton  township.  At  this  point  once 
more  an  opportunity  was  presented  for  the  Cedar  river  to  ap- 
propriate an  old  preglacial  channel,  the'  Sand  Prairie  described 
above.  With  inexplicable  perversity  it  again  turns  aside  from 
the  ready  formed  waterway  and  choosing  the  longer  course  and 
more  difiScult  route,  it  swings  in  a  broad  curve  two  and  one- 
half  miles  farther  north,carvinga  new  channel  one  hundred  and 
twenty-live  to  one  hundred  and  fifty  feet  in  depth  in  the  hard 
limestones  of  the  Cedar  Valley  stage.  The  river  leaves  the  county 
near  the  middle  of  the  east  side  of  section  13  of  Benton  town- 
ship. It  again  meets  the  preglacial  channels  not  far  from  the 
town  of  Palo,  a  short  distance  east  of  the  Benton  county  line. 
By  the  erratic  course  which  it  follows  from  Vinton  to  Palo  the 
river  traverses  a  journey  of  eighteen  miles  to  shorten  the  dis- 
tance to  its  mouth  by  one-half  that  number  of  miles.  It  carves 
a  channel  to  a  depth  of  more  than  one  hundred  feet  in  hard 
limestones  in  order  to  avoid  the  shallow  cutting  and  ready 
erosion  that  would  have  been  required  by  the  more  direct  route. 

In  this  peculiar  action  the  Cedar  exemplifies  the  anomalous 
behavior  of  many  of  the  rivers  of  eastern  Iowa  portrayed  so 
graphically    by   McGee.*     It   resembles    the   course   of   the 


*  Pleistocene  Hislory  of  NortheMtern  lows,  nth  Ano.  Rept. ,  U.  8.   Qeol.  Surv.,   p.   2\%  et 
ieq.,  Wa»hiDgton,  1891. 
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Wapsipinconf  a  few  miles  to  the  northeast,  in  Buchanan  county, 
and  that  of  the  Iowa  river:}:  about  the  same  distance  to  the 
southeast,  as  described  by  Professor  Calvin. 

The  cause  of  such  behavior  on  the  part  of  these  rivers  can 
only  be  conjectured.  It  seems  probable,  however,  that  the 
explanation  must  in  some  way  be  connected  with  the  invasion 
of  the  region  by  the  glaciers.  It  is  probable,  too,  that  in  Ben- 
ton county  the  Pre-Kansan  ice  sheet  was  responsible  for  the 
development  of' the  present  channel  of  the  Cedar  river  from 
the  vicinity  of  Vinton  to  the  village  of  Palo.  The  evidence 
for  such  an  assumption  lies  in  the  fact  that  at  several  points 
along  this  portion  of  the  channel,  drift  of  Kansan  age  forms 
the  bounding  hills  and  continues  down  to  thefluviatile  deposits 
of  the  flood  plain.  It  may  be  possible  that  when  the  Pre-Kan- 
san ice  sheet  overspread  this  region,  and  while  it  occupied  the 
old  channels  between  Vinton  and  Palo,  mentioned  above,  a 
super-glacial  stream  cut  through  the  ice  and  became  estab- 
lished over  the  newer  portions  of  the  present  channel. 

In  order  that  the  course  of  this  new  stream  might  be  made 
permanent  the  ice  must  have  maintained  the  same  position 
relative  to  the  stream  during  a  sufiScient  length  of  time  for  the 
water  to  carve  the  newer  portions  of  the  channel  to  a  depth  a 
little  below  the  altitude  at  which  the  surface  of  the  abandoned 
valleys  was  left  when  the  ice  retreated.  In  this  manner  the 
return  of  the  river  to  either  of  the  preglacial  channels  along 
this  particular  portion  of  its  course  would  be  prevented. 

Prairie  creek. — Prairie  creek  drains  a  larger  area  in  Benton 
county  than  any  other  tributary  to  the  Cedar  river.  It  rises  in 
the  marshes  of  Kane  and  Homer  townships.  It  flows  a  little 
east  of  south  for  a  dozen  miles,  in  a  direction  nearly  parallel 
with  the  channel  of  Salt  creek,  which  lies  ten  miles  to  the  west- 
ward, and  with  the  valley  of  Stein  creek  nearer  at  hand.  How- 
ever, instead  of  continuing  parallel  with  those  streams  and  ren- 
dering tribute  to  the  Iowa  river,  its  channel  bends  abruptly 
towards  the  east  near  the  northwest  corner  of  section  16  of 
Leroy  township.  It  swings  two  miles  to  the  southward  as  it 
crosses  near  the  middle  of   Saint  Clair  township,  and  again 

t  Calvin:  Iowa  G^eol.  Stir  v.  Vol.  VIII,  p.  210,  Des  Moines,  1897. 
t  Calvin:  Iowa  Qeol.  Sory.,  Vol.  VII,  pp.  47-48,  Des  Moines,  1896. 
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bends  as  far  to  the  north  as  .it  passes  across  the  township  of 
Florence.  From  the  elbow  in  Leroy  township  the  channel  of 
Prairie  creek  maintains  a  trend  that  is  practically  parallel  with 
the  valley  of  the  Iowa  river  up  to  the  point  where  it  leaves  the 
county,  near  the  southeast  corner  of  section  12  of  the  latter 
township.  Its  waters  meet  those  of  the  Cedar  river  about  a 
dozen  miles  further  eastward,  in  Linn  county. 

Prairie  creek  has  a  longer  flow  in  Benton  county  than  any 
other  stream,  traversing  a  distance  of  over  forty  miles.  It 
embraces  in  its  b^asin  the  larger  portion  of  Kane  township,  the 
southern  part  of  Big  Grove,  the  northeast  corner  of  Iowa, 
practically  the  whole  of  Union  and  Saint  Clair,  the  larger  por- 
tion of  Leroy  and  Florence  and  the  southern  part  of  Fremont 
and  Eldorado  townships.  It  drains  an  area  of  more  than  one 
hundred  and  eighty  square  miles. 

Down  to  where  the  stream  makes  its  abrupt  bend  to  the  east, 
in  Leroy  township,  the  banks  that  bound  the  channel  are  low, 
symmetrical  hills  composed  of  drift  material.  From  this  elbow 
to  the  point  where  the  creek  leaves  the  township  the  broad 
valley  is  overlooked  on  the  south  by  the  more  abrupt  ridges 
which  constitute  the  lowan  drift  border.  To  the  north  the 
slopes  rise  gently  up  to  the  level  of  the  lowan  plain.  As  the 
creek  passes  across  Saint  Clair  and  Florence  townships  the 
southern  boundary  of  the  channel  becomes  more  and  more 
poorly  defined,  owing  to  the  more  southern  trend  of  the  ridges 
of  the  lowan  drift  margin.  At  the  same  time  the  northern 
limits  of  the  valley  become  more  prominent.  Beginning  at 
Watkins  the  stream  is  overlooked  on  the  north  by  the  paha 
ridge  above  described,  and  further  east  by  the  Norway  paha, 
and  still  further  eastward  by  the  abrupt  hills  which  in  the 
county  terminate  the  discontinuous  line  of  ridges  that  cuts 
diagonally  across  it  in  a  northwest-southeast  direction. 

Throughout  the  whole  of  the  eastward  flowing  portion  of  its 
course  in  Benton  county  the  bed  of  Prairie  creek  follows  par- 
allel with,  and  only  one  to  two  miles  distant  from,  the  divide 
that  separates  its  basin  from  that  of  the  Iowa  river.  Its  affluents 
from  the  south  are  short,  insignificant  branches  none  of  which 
are  of  sufficient  consequence  to  merit  a  name.    From  the  north 
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it  receives  tribute  from  Weasel,  Buffalo  and  Mud  creeks,  the 
latter  being  more  than  a  dozen  miles  in  length. 

Prairie  creek  is  a  typical  representative  of  a  class  of  streams 
in  Towa  that  have  developed  unsymmetrical  basins,  the  channel 
of  the  master  stream  lying  very  close  to  che  south  side  of  the 
area  which  it  drains.  In  this  respect  it  resembles  Wolf  creek,* 
a  few  miles  to  the  northwest,  in  Tama  county,  and  also  Clear 
creek  and  Old  Man  creek  in  the  county  of  Johnsonf.  McGee:t 
noticed  this  peculiarity  in  the  basins  of  the  eastward  flowing 
streams  over  what  he  called  the  loess-drift  area  in  central  Iowa. 
Indeed,  so  frequently  do  the  east  and  west  coursing  streams  of 
Iowa  have  the  longer  affluents  and  the  wider  tributary  area  on 
the  north  side  of  their  channels  that  Professor  Calvin§  refers 
to  this  habit  as  a  law  that  is  generally  true  of  such  streams  iu 
the  state. 

Of  the  other  streams  that  owe  allegiance  to  the  Cedar  river, 
and  which  flow  for  the  greater  portion  of  their  course  in  Ben- 
ton county,  the  largest  are  Blue,  Prairie  and  Bear  creeks  on  the 
north,  and  Mud,  Bear,  Pratt,  Hinkle  and  Rock  creeks  on  the 
south.  These  are  generally  simple,  consequent  waterways  with- 
out any  complex  series  of  secondary  branches.  They  range  in 
length  from  ten  to  flfteen  or  eighteen  miles.  They  are  all 
prairie  streams.  Their  beginnings  can  be  traced  back  to  the 
swales  and  marshy  meadows  of  the  lowan  drift  plain.  Out 
from  those  boggy  sloughs  the  water  slowly  filters,  forming 
perennial  springs.  These  unfailing  fountains  feed  the  larger 
streams  with  a  constant  supply  of  clear,  pure  water. 

For  some  distance  from  its  source  the  water  follows  lazily 
along  shallow,  grassy  depressions  that  are  bordered  by  no 
erosion  formed  banks.  After  a  few  miles  each  stream  becomes 
established  in  a  wide,  partially  drift  filled  valley  that  was 
formed  prior  to  the  advent  of  the  Kansan  glacier,  and  which 
neither  that  ice  sheet  nor  the  subsequent  lowan  succeeded  in 
completely  obliterating.  Even  here,  however,  the  bed  of  each 
of  the  present  streams  lies  but  a  few  feet  below  the  general 

*IowaGeol.  Bury.,  Vol.  Xlil.  p.  206,  DesMolnev,  1003. 

i/6{d  ,  Vol.  VII,  pp.  49-60,  Dee  Molne#,  1897. 

I  PleUtoeeneHutoiy  of  Northeastern  Iowa,  p.  411,  eL  teq.^  Washington,  1890. 

^lowaGeol.  Bnrv.,  Vol.  Vil(,  p.  212,  Des Moines,  1898 

Note.— For  a  disonssion  as  to  the  cause  of  tho  development  of  snoh  one-sided  stream 
basins  the  reader  U  referred  to  volnme  VII,  p.  61,  and  volume  XUI,  pp.  206-800,  of  this  series  of 
the  Iowa  Oeologioal  Bnrvey  reports. 
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level  of  the  region  through  which.it  flows.  Along  this  portion 
of  their  courses  there  is  exposed  at  rare  intervals  ledges  of 
indurated  rock.  Such  outcroppings  are  exceedingly  infre- 
quent, however,  and  are  limited  to  the  north  half  of  the 
county,  with  the  exception  of  asmalljarea  adjacent  to  the  town 
of  Shellsburg. 


GBOLOGIOAL  FOBMATIONS. 

General  Belations  of  Strata. 

That  portion  of  the  ancient  geological  history  of  Benton 
county  directly  accessible  to  observation  is  written  on  the  rocks 
of  the  Middle  Devonian  series,  while  the  more  recent  records 
are  preserved  in  the  deposits  of  the  Pleistocene. 

In  the  Middle  Devonian  series  is  included  the  most  of  the 
beds  of  indurated  sediments,  the  limestones  and  the  shales, 
which  form  the  foundation  upon  which  the  soil  and  superficial 
materials  of  the  region  are  spread.  Each  successive  layer  of 
this  foundation  was  at  one  time  the  floor  of  the  ancient  sea 
and  makes  up  a  separate  page  in  the  history  of  our  land  and  of 
its  life.  Each  successive  stratum  was  in  part  constructed  from 
the  ruins  of  preexisting  lands,  and  contains  the  remains  of 
forms  of  life  that  peopled  the  sea  as  age  succeeded  age. 

Outcrops  of  these  rocks  are  encountered  only  in  the  northern 
and  northeastern  portions  of  the  county.  Over  the  southern 
and  southwestern  portions  they  are  deeply  buried  beneath  a 
covering  of  drift.  There  is  little  doubt  that  the  rocks  which 
immediately  underlie  the  till  over  the  most  of  the  southern 
portion  of  the  area  also  belong  to  che  Devonian  system,  while 
those  upon  which  the  drift  is  spread  in  the  southwestern  corner 
of  the  county  belong  to  the  Kinderhook  stage  of  the  Missis- 
sippian  series. 
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In  the  regolith,*  or  mantle  of  incoherent,  superJBcial  mate- 
rials is  recorded  much  later  chapters  in  our  county's  varied  and 
eventful  story.  The  materials  of  this  mantle  testify  to  the  long 
occupation  of  our  area  by  immense  glaciers  and  to  the  deso- 
lation that  followed  in  their  train.  They  bear  witness  to  the 
flooded  streams  and  river  torrents  that  accompanied  the  melt- 
ing of  the  ice,  and  to  the  long  genial  period  of  interglacial  con- 
ditions that  intervened  between  the  successive  ages  during 
which  arctic  winter  reigned. 

A  small  part  of  this  rock  mantle  is  composed  of  the  residual 
products  resulting  from  the  dejgeneration  of  indurated  rocks 
during  the  long  interval  that  elapsed  between  the  elevation 
which  closed  the  deposition  of  sediments,and  the  advent  of  the 
Pleistocene  period.  This  geest  or  residuum  has,  for  the  most 
part,  been  intimately  mixed  with  the  many  times  greater 
quantity  of  foreign  detritus  that  was  transported  by  the  ice 
from  further  north  and  left  as  a  legacy  to  the  region  over  which 
it  spread. 

The  following  table  shows  the  stratigraphic  position  of  the 
geological  formations  known  to  be  exposed  in  Benton  county: 

•Merrill:    Rooks,  Bock  Weathering  sn4  Soili,  p.  299. 
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WAPSIPINICON   STAGE. 

From  the  synoptical  table  it  will  be  seen  that  the  indurated 
rocks  which  are  exposed  in  Benton  county  belong  to  the  Middle 
Devonian  series,  and  of  this  series  there  are  represented  the 
Wapsipinicon  and  the  Cedar  Valley  stages.  Of  the  deposits  of 
the  Wapsipinicon.  stage  the  known  rocks  of  the  county  belong 
to  two  sub-stages,  the  Fayette  and  the  Coggan. 
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The  assemblage  of  layers  that  have  been  grouped  under  the 
Coggan  sub-stage  includes  a  few  feet  of  bufE,  magnesian  lime- 
stone. This  bed  is  usually  somewhat  massive  but  not  infre- 
quently, especially  in  the  uppermost  part,  it  shows  more  or  less 
distinct  lines  of  stratification.  The  name  of  Coggan  was  given 
to  this  sub-stage  by  Professor  Norton*  from  the  town  of  that 
name  in  the  northeastern  part  of  Linn  county,  at  which  place 
the  rocks  of  this  horizon  are  well  exposed. 

The  Fayette  sub-stage  embraces  a  group  of  strata  composed 
of  a  series  of  diverse  limestones.  Some  of  these  are  very  dense 
and  fine-grained.  Others  are  made  up  of  masses  rather  coarse 
in  texture.  Some  contain  numerous  fragments  of  brachiopod 
and  molluscan  shells,  while  others  are  barren  of  any  fossil  re- 
mains. At  some  horizons  the  rocks  are  of  a  dark  drab  color, 
and  at  others  they  are  almost  white.  However,  they  are  all  in 
common  more  or  less  completely  shattered  and  brecciated. 
These  beds  are  well  exposed  near  the  town  of  Payette  where 
this  particular  phase  of  the  Devonian  strata  is  typically  de- 
veloped. At  this  place  McGee  applied  the  name  Fayette  breccia 
to  this  series  of  limestones. 

Coggan  beds. — The  rocks  of  the  Coggan  sub-stage  are  exposed 
in  Benton  county  along  the  east  side  of  a  narrow  ridge  for  a 
distance  of  more  than  one  mile.  This  ridge  is  only  ten  or 
twelve  rods  in  width.  Its  top  stands  about  twenty  feet  higher 
than  the  adjacent  upland  surface,  and  eighty  feet  above  the 
bed  of  Cedar  river.  Its  northeastward  facing  bluff  overlooks 
the  lower  portion  of  the  channel  of  Pratt  creek  and  forms  the 
west  bank  of  the  Cedar  river  for  several  rods  below  the  point 
where  the  waters  of  the  creek  and  the  river  meet. 

On  the  west  side  of  the  wagon  road,  near  the  middle  of  the 
east  side  of  section  36,  Cedar  township,  Mr.  Wallace  has  opened 
a  quarry  in  which  is  shown  the  following  succession  of  beds: 


^lowaQeol.  Sunr.,  YoL  lY,  p.  188. 
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FXST. 

6.     Dark  colored  soil,  fine-grained,  without  pebbles..    1 
5.     Bed  of  light  colored,  brecciated  limestone,    the 
fragments    imbedded    in   a    matrix  of    gray 
material;    withoat   any    trace  of    lamination 

planes  or  of  fossils 12 

4.     Bed  of  gray,  calcareous  shale;  without  fossils. . .     2 
3.     Ledge  of  massive,  yellow  colored  stone,  some- 
what arenaceous  near  the  middle,  but   com- 
posed for  the  kuost  part  of  impure  magnesian 

limestone;  containing  no  fossils 6 

2.    Layer  of  yellowish-gray,  magnesian  limestone, 

fine-grained  like  No.  1,  below;  without  fossils.  2i 
1.  Ledge  of  buff,  earthy  limestone,  very  fine- 
grained, slightly  banded  in  appearance  and 
showing  imperfect  lines  of  division  into  layers 
eight  to  ten  inches  in  thickness;  without 
fossils. 2 

The  character9  of  the  above  layers  are  illustrated  in  figure  6. 
In  the  section  numbers  1  to  3  inclusive  represent  the  Coggan 
sub-stage  as  the  rocks  of  this  horizon  are  exposed  in  Benton 
county.  They  are  uniformly  yellowish-gray  in  color  and  very 
fine-grained,  sub-crystalline  in  texture.  In  composition  they 
are  impure,  magnesian  limestone.  They  present  the  appearance 
of  dolomite, but  the  process  of  dolomitization  is  not  so  complete 
but  that  effervescence  is  quite  prompt  upon  the  application  of 
cold  hydrochloric  acid.  In  the  rocks  of  this  horizon,  in  the 
counties  of  Linn  and  Cedar,  Professor  Norton  found  a  few  fossils 
in  the  form  of  casts  or  moulds,  but  no  traces  of  fossils  in  any 
form  were  seen  in  Benton  county.  Number  4  is  a  band  of 
gray,''non-fossiliferous  shale  which  gradually  blends  above  into 
the  lower  portion  of  the  overlying  bed  of  brecciated  limestone. 
In  Buchanan  county,  the  Independence  shale  occupies  a  position 
immediately  below  the  deposits  of  the  Fayette  breccia.  There 
also  occurs  in  Linn  county  a  bed  of  shale,  designated  by  Norton 
as  the  Kenwood,  which  occupies  a  corresponding  horizon.  It 
is  possible  that  this  narrow  shale  band^  number  4  of  the  sec- 
tion, represents  the  attenuated  margin  of  the  Independence 
shale  deposit.  The  thinness  of  the  band,  the  absence  of  fossils, 
and  the  fact  that  this  is  the  only  known  exposure  in  the  county 
of  such  a  shale  horizon  render  impossible  the  satisfactory  cor- 
relation of  this  member  with  the  Independence  shale.  It  is 
thought  best  to  consider  number  4  at  this  place  as  a  looal  de- 
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velopment  of  argillaceous  material  at  the  beginning  of  the  de- 
posits of  the  Fayette  sub-stage.  Number  5  is  a  thick  bed  of 
light  colored,  thoroughly  brecciated  limestone  in  which  no  sign 
of  bedding  planes  has  been  preserved,  and  which  contains  no 
trace  of  fossils.  The  face  of  this  ledge  shows  numerous,  small 
cavities,  the  cementing  material  not  completely  filling  the 
spaces  between  the  angular  rock  fragments.     These  fragments 


FlO.  t.  Bxpoanr*  tn  WsUam's  qmrrj,  namr  tha  wiDthaurl  corner  Dt  iBctlOQ  SB,  CaiUr  town- 
■blp.  Tba  hmnj  led|e  at  the  bue  repreaenti  the  CoEgon  beds ;  the  overljlnB.  onitrkUlled 
materlAl*  belong  to  the  Lower  DaTenport  pbaa*  of  the  n^ette  braoda. 

vary  from  one  or  two  inches  to  one  foot  or  more  in  diameter. 
They  present  the  appearance  of  having  been  coated  with  quite 
fluid  calcareous  mud  before  the  deposit  of  interstitial  material 
cemented  the  pieces  solidly  together.  The  fragments  are  com- 
posed of  very  hard,  fine-grained,  slate  colored  limestone  enclosed 
n  a  matrix  a  little  lighter  in  color. 
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About  three-fourths  of  a  mile  southeast  of  Wallace's  quarry, 
near  the  southwest  corner  of  section  '31  of  Harrison  township, 
Aungst  Brothers  operate  a  quarry  in  the  west  bluff  of  Cedar 
river.  At  this  point  the  following  section  is  shown  below  the 
superficial  deposits: 


2.  Brecciated  limestone,  gray  in  color,  the  angular 
fragments  usually  small,  and  very  fine-grained 
in  texture;  without  fossils 20 

1 .  Massive  ledge  of  buff,  magnesian  limestone  which 
is  very  hard  and  fine-grained,  divided  by  imper- 
fect lines  of  bedding  into  layers  one  to  two  feet 
in  thickness;  without  fossils 12 

In  the  above  section  number  1  is  the  equivalent  of  numbers 
1  to  3  inclusive  of  the  Wallace  quarry  section.  At  this  place, 
however,  the  stone  is  more  purely  dolomitic.  It  is  very  dense, 
almost  crystalline  in  texture,  and  is  of  excellent  quality  for 
lime  burning  or  general  masonry.  Mr.  Aungst  has  tunneled 
beneath  the  overlying  breccia  and  excavated  chambers  ten  to 
fifteen  feet  in  depth  for  a  distance  of  one  hundred  feet  back 
under  the  hill.  The  face  of  the  quarry  extends  for  several 
rods  along  the  bank  of  the  river.  Number  2  of  the  above  sec- 
tion corresponds  with  number  5  in  the  section  of  Wallace's 
quarry.  This  member  represents  the  basal  portion  of  the  Fay- 
ette breccia.  In  the  upper  part  it  probably  passes  into  the 
Lower  Davenport  beds  of  Professor  Norton*,  which  he  desig- 
nates as  the  second  phase  of  the  Fayette  breccia.  The  rocks  in 
the  two  exposures  are  quite  similar  in  lithoiogy  and  in  the 
absence  of  fossils.  The  layer  of  shale,  which  at  Wallace's 
quarry  lies  between  the  magnesian  bed  at  the  base  and  the 
brecciated  limestone  above,  is  wanting  in  the  Aungst  quarry 
exposure.  . 

Fayette  breccia. — A  low  ledge  of  thoroughly  brecciated  rock 
of  which  the  fragments  are  small  and  imbedded  in  a  buff  colored 
matrix  of  coarser  texture  outcrops  in  the  north  bank  of  Pratt 
creek,  near  the  southwest  comer  of  section  22  in  Cedar  town- 
ship, and  at  a  few  other  points  along  the  valley  of  this  same 


*  Norton :    Oeology  of  Linn  Connty.    Iowa  Oeol.  Smrr. ,  Vol.  IV,  p.  100. 
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stream.  This  ledge  is  also  the  equivalent  of  number  2  of  the 
Aungst  quarry  section,  and  represents  the  most  northerly  ex- 
tension of  the  rocks  of  this  horizon  in  Benton  county. 

At  a  point  along  the  Aungst  quarry  exposure  the  old  Burling- 
ton, Cedar  Rapids  and  Northern  Railway  Company  has  made  a 
cut  through  the  ridge  above  mentioned  and  exposed  a  vertical 
height  of  about  thirty-five  feet  of  limestone  on  either  side  of 
the  track.  The  level  of  the  rails  in  this  cut  is  about  the  same 
altitude  as  the  top  of  the  brecciated  bed  in  the  Aungst  quarry 
section.  The  rock  exposed  in  the  cut  is  shattered  throughout. 
This  bed  together  with  number  2  of  the  Aungst  quarry  section 
gives  a  thickness  of  more  than  fifty  feet  of  the  Fayette  breccia 
at  this  place.  The  following  section  will  illustrate  the  character 
of]  the  rocks  exposed  in  the  cut,  although  there  is  no  definite 
line  of  division  between  the  two  members  as  given  below: 


.  2.  Brecciated  limestone  in  which  the  long  axes  o£ 
some  o£  the  fragments  are  four  to  eight  feet 
in  length.  The  larger  masses  are  a  drab 
color,  and  lie  among  smaller,  light  gray  or 
yellowish  fragments,  none  of  which  have  been 
cemented  together.  The  following  fossils  are 
qnite  abundant  in  the  larger  .masses:  Spirifer 
^^ima/tfj,  the  finely-striated.  Independence  type 
of  Atrypa  reticularis^  Gypidula  comiSt  Atrypa 
aspera  var.  occidentalism  Orthis  iowensis, 
Stropheodonta  demissa  and  a  species  of  Chon- 

etes  resembling  C  cancellatus 20 

1.  Brecciated  limestone  in  which  the  fragments  are 
from  a  few  inches  to  three  or  four  feet  in 
length,  becoming  larger  and  more  fossiliferous 
in  the  uppermost  part.  The  following  fossils 
were  present:  Gyrocerassp.  Spiri/er  pennalus , 
Gypidula  comis  and  the  finely-striated  form  of 
Atrypa  reticularis 13 

In  the  above  section  number  2  probably  represents  the  Spirifer 
pennafus  beds  of  Calvin  which,  in  the  classification  of  Professor 
Norton,*  constitutes  the  uppermost  phase  of  the  Fayette  sub- 
stage. 

Number  1  corresponds  with  the  third  phase  of  the  Fayette 
breccia  as  defined  by  Norton  in  the  adjoining  county  of  Linn.f 

*  Norton:  lowaGeol.  Sary.,  Voi  IV,  p.  161.    Dos  Moines, 
ilbld..  p.  160. 
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It    includes  the  Qyrooeras  beds*  as  delimited   by  Professor 
Calvin  in  the  report  on  Buchanan  county. 

The  cause  and  the  process  by  which  these  brecciated  beds 
were  formed  are  alike  somewhat  obscure.  Professor  Geikief 
says  that  true  breccias  arise  from  the  superficial  disintegration 
of  rocks.  They  may  be  formed  of  talus  blocks  or  cliff  debris 
which  gradually  slide  down  a  slope  below  an  escarpment,  or 
which  may  be  launched  forward  by  a  landslip.  The  materials 
may  accumulate  either  subaerially,  or  under  water  when  the 
clifF  descends  at  once  into  the  sea.  In  any  case  the  fragments 
have  not  been  transported  any  great  distance,  nor  have  they 
been  subjected  to  the  action  of  running  water. 

The  term  breccia  is  also  applied  to  masses  of  angular  rock 
fragments  whose  formation  is  connected  in  some  way  with  vol- 
canic eruptions,  or  with  the  flow  of  more  or  less  fluid  lava  sub- 
sequent to  such  eruptions.  Breccia  has  also  been  formed 
where  strata  within  the  earth's  crust  have  been  subjected  to 
trains  resulting  in  movements  that  produced  crushing  or 
dislocation.  The  angular  fragments  which  originated  in  any 
of  the  above  ways  may  or  may  not  have  subsequently  been  con- 
solidated by  the  infiltration  of  some  cementing  materials. 

Professor  Norton:}:  assumes  that  the  brecciation  of  the  rocks 
of  the  Fayette  sub-stage  in  Iowa  has  probably  been  accomplished 
by  the  crumpling  of  the  strata  resulting  from  lateral  pressure. 
The  facts  which  are  revealed  in  the  most  of  these  beds  in  Ben- 
ton county  are  in  harmony  with  such  a  mode  of  rock  fracture. 

There  can  be  traced  every  gradation  of  disturbance  from 
that  evidenced  by  the  presence  of  joints  without  displacement 
of  the  rock  masses,  to  that  of  profound  shattering  where  the 
beds  are  made  up  of  fragments  of  diverse  limestones  promis- 
cuously intermingled. 

In  the  Spirifer  pennattis  horizon  the  beds  at  some  exposures 
are  considerably  broken,  but  there  is  usually  small  disarrange- 
ment of  the  fragments.  Frequent  narrow  veins  of  calcite  ex- 
tending in  various  directions  at  right  angles  to  the  planes  of 
bedding  show  where  small  fractures  have  been  healed.  At 
outcrops  not  far  distant  the  corresponding  layers  have  not  been 

•OalTlii:  Iow»Oeol.  Siirr.,  VoL  Vm,  pix  226-227* 
fQeUde:    Text-bookof  Qeologr.  Vol.  I.  p.  164.    4thBdltion. 
r Norton;   Iowa  GteoL  Sary. »  Vol.  IX,  pp.  44&-446. 


164  GEOLOGY   OF   BBNTON  COUNTY. 

disturbed.  Lower  down  there  are  encoantered  beds  in  which 
the  materials  are  uniformly  shattered,  as  in  the  lower  portion 
of  the  Railroad  Cut  exposure,  but  it  is  often  possible,  even  here, 
to  trace  the  planes  of  the  original  layers  by  the  lithological 
characters  of  the  fragments  that  occur  at  the  successive  levels. 
Still  lower  down  the  rocks  are  profoundly  brecciated  and  frag- 
ments of  dissimilar  limestones  are  brought  into  juxtaposition. 
Sharply  angular  pieces  of  various  texture,  color  and  size  are 
cemented  together  to  form  the  ledges  which  constitute  the 
Lower  Davenport  beds  of  the  Fayette  breccia.  Certain  phases 
of  the  Lower  Davenport  breccia  seem  difScult  of  explanation 
by  assuming  crushing  as  the  mode  of  formation,  and  seem  to 
indicate  a  talus  origin.  McGee*  noticed  that  the  strata  which 
are  involved  in  the  beds  of  the  Fayette  breccia  were  confined 
to  those  horizons  in  which  the  layers  show  more  or  less  crump- 
ling or  distortion.  He  considers  these  two  phenomena  to  be 
related,  and  suggests  that  the  forces  which  accomplished  the 
flexing  of  the  strata  were  the  same  that  caused  the  brecciation 
of  the  beds.  The  time  of  such  movements  he  thus  fixes  at 
about  the  close  of  the  period  of  their  own  deposition. 

The  following  fossils  were  collected  at  the  Railroad   Cut 
exposure  where  the  last  section  was  made: 

Fisiulipora  constricta  Hall. 

Stropheodonta  demissa  Conrad. 

Pholidosirophim  nacrea  Hall. 

OrthotkeUs  chsmungensis  Conrad. 

Ckoneies  cf.  canc€llaius  Calvin. 

Productella  sudalata  Hall. 

Orthis  iowensis  Hall. 

Pentam€r$lla  arata  Conrad . 

Gypidnia  Ueviuscula  Hall. 

Gypidula  comis  Owen. 

Atrypa  reticularis  Linn.    Independence  type. 

A  try  pa  atpera  var.  occidentals  Hall. 

Spirifer pemnaius  Owen. 

Spirifer  asperus  Hall. 

Paracyclas  elliptica  Hall. 

Pelecypods  2  sp's. 

Gyroceras  sp. 

Pha^apf  rana  Green. 


^MoQee:  PMstooeneHlstoiTof  NorthMflenilowa,  Bl«Y«9lh4LBnQal  Beporl,  U.  8.  OeoL 
Snrr.,  pp.  887*888. 

See  alio  OalTln'B  report  on  the  Oeologj  of  Uttohell  Coiuity»  lows  (Hoi.  Sonr.,  VoL  ZIU,  ^  816. 
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In  the  counties  of  Cedar  and  Linn  Professor  Norton  found 
the  Otis  limestone  and  the  Independence  shales  intervening 
between  the  Coggan  beds  at  the  base  of  the  Iowa  Devonian  and 
the  Fayette  breccia  which  forms  the  uppermost  member  of  the 
rocks  of  the  Wapsipinicon  stage.  Deposits  of  the  Otis  and 
Independence  sub-stages  seem  to  be  entirely  wanting  in  Benton 
county,  unless  those  of  the  latter  are  represented  by  number  4 
of  the  Wallace  quarry  section. 

At  the  old  Bliss  quarry,  on  land  owned  by  the  Iowa  Paint 
Company,  an  exposure  in  the  south  bank  of  Prairie  creek,  near 
the  northeast  corner  of  section  10,  Taylor  township,  shows  the 
following  succession  of  beds: 

VBIT. 

5. .  Shattered  limestone,  light  gray  in  color,  the  frag- 
ments irregular  in  shape  and  size,  and  contain- 
ing few  fossils 8 

4.    Talus  covered  ledge 12 

3.  Bed  of  light  gray  limestone,  in  broken  layers 
from  three  to  six  or  seven  inches  in  thickness; 
containing  Orthis  iowensis  and  Airypa 
reticularis 1^ 

2.  Ledge  of  gray  limestone  made  up  of  imperfect 
layers  two  to  eight  inches  in  thickness;  bearing 
Orthis  iowensis ,  Airypa  reticularis  and  two  or 
three  species  of  pelecypods 4 

1.  Rather  massive  bed  of  light  gray  limestone 
which  is  cut  into  rhomboidal  blocks  by  numer- 
ous oblique  joints,  some  of  which  show  excel- 
lent examples  of  slickensides.  Where  exposed 
the  material  weathers  quite  readily  into  small , 
irregular  fragments.  Numerous  fossils  occur 
in  this  member,  among  which  the  following  are 
abundant:  large,  robust  forms  of  Spirifer pen- 
natuSySpirifer  bimesialis,  Cyrtina  hamiltanensis , 
Orthis  iowensis  ^  A  tryPa  reticularis  ^  Gypidula 
comis  and,  near  the  base ,  a  species  of  Gyroceras*.    8 

In  the  above  section  number  1  represents  the  Spirifer 
pennatus  beds,  and  it  is  the  probable  equivalent  of  number  2 
of  the  section  in  the  railroad  cut  above  the  Aungst  quarry  ex- 
posure. The  entire  bed  is  cut  by  numerous  joints  and  is  pro- 
foundly shattered,  but  the  position  of  the  fragments  has  not 
been  greatly  displaced  nor  have  the  pieces  been  cemented 
together.    The  fractured  condition  of  the  bed,  the  numerous 
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joints  and  the  presence  of  slickensides  testify  to  the  severe 
strains  and  crushing  forces  to  which  the  strata  have  been  sub- 
jected. 

Some  years  ago  when  the  Iowa  Paint  Company  operated  at 
Vinton  the  material  of  this  lower  member  of  the  Bliss  quarry 
was  pulverized  and  used  as  the  basis  in  the  manufacture  of 
paint.  The  company  has  since  moved  its  plant  to  Fort  Dodge, 
and  gypsum  is  now  utilized  in  the  place  of  limestone  in  their 
present  process  of  paint  manufacture. 

Numbers  2  to  5  inclusive  in  the  above  section  represents 
the  basal  portion  of  the  Cedar  Valley  stage.  The  fossil  content 
of  this  zone  could  not  be  well  made  out  at  this  place  owing  to 
the  large  portion  of  the  face  of  the  ledge  that  was  concealed 
by  talus. 

CEDAR  VALLEY  STAGE. 

Near  the  northwest  corner  of  section  27  of  Taylor  township, 
a  quarry  has  been  opened  in  the  east  bank  of  Mud  creek,  on 
land  owned  by  Mr.  Quinn.  At  this  place  the  following  succes- 
sion of  layers  is  exposed: 

VBBT. 

10.     Dark  colored  soil,  fine-grained  and  without  peb- 
bles      a 

9.  Gravel  and  sand,  stained  a  reddish-brown  color.  2 
8.  Bed  of  limestone  composed  almost  wholly  of  frag- 
ments of  corals  among  which  the  following 
forms  are  abundant:  Acerwularim  davidsoni, 
Cladopara  iowensis,  Favosites  sp.,  Cystiphyllum 
americanum,  Ftychophyllum  versifarme  and 
Cyathophyllum  sp.,  together  with  numerous 

teeth  of  Ptyctodus  calceolus 5 

7.  Layer  of  rather  hard,  gray  limestone  which 
weathers  into  thin  pieces,  and  contains  numer- 
ous crinoid  remains,  besides  Parosites  sp., 
Cyathophyllum  sp.,  Orihis  iowensis  and  Spiri- 
fer  parryanus 3 

6.  Bed  of  very  hard,  light  gray  limestone  which 
upon  weathering  shows  layers  four  inches  to 
one  foot  in  thickness,  and  contains  Spirifer 
fimdriaims,  Spirifer  pennaiuSi  Orihis  iowensis, 
Airy  pa  reticularis ,  Airy  pa  aspera  var. 
occidentalism  species  of  Cladopora  and  Favosites 
together  with  large  teeth  of  Ptyctodus  calceolus.  6 
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5.  Layer  of  very  hard,  gray  colored  limestone  com- 
posed largely  of  fragments  of  brachiopod  shells 
among  which  the  following  are  conspicuous: 
Orthis  iowensiSt  Spirifer  pennaius , '  Atrypa 
reticularis  and  Atrypa  aspera  var.  occidentalis. 
Species  of  Cladopora  and  Pavosites  were  also 
seen lyi 

4.     Layer  similar  to  number  5  above  but  with  the 

shells  more  finely  comminuted 1% 

3  Zone  of  drab  colored  limestone  in  the  form  of  a 
second  coral  reef  which  is  less  cempact  and  not 
so  crowded  with  coral  remains  as  number  8 
above.  The  member  contains  Acervularia  pro- 
funda, Pavosites  sp.,  Cystiphyllum  sp.,  and 
Cyathophyllum  sp . ,  besides  Orthis  iawinsis 
and  Spirifer  pennatus 1 

2.  Bed  of  fine-grained,  white  limestone  which  shows 
a  bluish  tinge  in  a  fresh  ledge,  containing 
numerous  nodules  of  chert,  and  weathering 
into  layers  from  a  few  inches  to  two  or  three 
feet  in  thickness.  This  member  is  much 
shattered  In  places,  and  contains  the  following 
fossils:  .  crinoid  fragments,  Atrypa  aspera 
var.  occidentalism  Spirifer  pennatus^  small  in- 
dividuals of  Stropheodonta  demissa,  large 
teeth  of  Ptyctodus  calceolus  and  a  large  species 
of  Gomphoceras ^. .  13 

I.  Layer  of  very  hard  limestone,  bearing  chert  nod- 
ules and  containing  remains  of  crinoids,  to- 
gether with  Favosites  cf.  placenta  ^  Pavosites 
sp.,  Cyathophyllum  sp.,  Atrypa  reticularis ^ 
Atrypa  aspera  var.  occidentalism  Spirifer  bim^s- 
ialis,  S.  pennatus,  Cyrtina  hamiltonensis , 
Orthis  iowensis  and  teeth  of  Ptyctodus  cal- 
ceolus      IX 

In  the  above  section  numbers  1  and  2  probably  belong  to 
the  horizon  of  the  Spirifer  pennatus  beds.  Together  these 
members  correspond  with  number  2  in  the  Railroad  Cut  expo- 
sure and  with  number  1  of  the  Bliss  quarry  section.  The  stone 
is  quite  hard  and  fragments  of  broken  disks  and  plates  of 
crinoids  are  not  rare  throughout  the  portion  of  the  bed  that  is 
exposed.  The  rocks  of  this  horizon  are  represented  in  figure  7. 
They  are  quite  variable  in  exposures  not  widely  separated.  At 
some  points  they  are  undisturbed  and  quite  hard,  but  generally 
they  are  much  shattered.  At  the  Quinn  exposure  the  stone  from 
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this  member  is  the  most  durable  that  the  quarry  produces.  It 
is  used  extensively  in  the  town  of  Vinton  for  foundation  work 
and  rough  masonry. 

Number  3  represents  the  Acervularia  profunda  zone  which 
occupies  a  position  at  the  very  base  of  the  Cedar  Valley  stage. 
It  is  the  probable  equivalent  of  the  Fhillipsastrea  horizon  in 
the  adjacent  county  of  Bnchanan,  although  that  coral  was  not 
seen  in  the  area  under  consideration.  Associated  with  Acer- 
vularia  profunda  at  Quinn's  quarry  are  Cystiphyllum  sp.. 
Cyathophyllum  sp.,   Favosites  sp.  and  a    spherical    Stroma- 


toporoid.  This  coral-bearinfi;  bed  marks  quite  a  constant 
horizon  twelve  to  fifteen  feet  below  the  Acervularia  davtdsoni 
coral  reef  wherever  the  deposits  of  the  lower  portion  of  the 
Cedar  Valley  stage  are  exposed  in  Benton  and  the  neighboring 
counties. 

N  umbers  4  to  7  inclusive  are  composed  of  layers  of  firm,  gray 
limestone  which  are  made  up  largely  of  fragments  of  brachiopod 
shells  and  coral  remains.    The  adjacent  layers  are  generally 
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separated  by  narrow  partings  of  calcareous  shale.  Of  the  fos- 
sils that  are  characteristic  of  these  beds  Orthis  iowensis,  Atrypa 
reticularis  and  a  species  of  Cladopora,  resembling  C.  iowensis 
Owen,  are  found  throughout  all  of  the  members.  Acervularia 
davidsoni  and  5/?m/er^arryawtts  are  not  infrequent  in  number 
7,while  Spirifer  pennatus  and  Atrypa  aspera  var.  occidentalis  are 
common  in  the  lower  members. 

Number  8  is  the  reef  of  corals  composed  in  large  part  of  cor- 
alla  of  Acervularia  davidsoni  with  which  are  associated  Favosites 
alpenensis,  Favosites  sp.,  Cladopora  iowensis,  Cystiphyllum 
arnericanum,  Cyathophyllum  sp.,  Heliophyllum  halli  and 
Ptychophyllum  versiforme.  At  this  place  the  corals  are  not  so 
closely  crowded  and  the  reef  is  not  so  compact  as  it  is  further 
north  and  west  in  Benton  county,  the  average  thickness  being 
about  twenty-four  inches. 

This  zone,  which  will  be  designated  as  the  Acervularia  david- 
soni coral  reef,  is  one  of  the  best  marked  and  most  constantly 
and  unifor,mly  developed  layers  of  the  Cedar  Valley  limestone 
in  the  state.  It  appears  at  this  particular  horizon  in  the  coun- 
ties of  Scott  and  Muscatine,  to  the  southeast,  in  Buchanan 
and  Howard  counties  to  the  northward,  and  to  the  east  and 
west  as  far  as  the  rocks  of  this  si^ge  are  typically  developed  in 
Iowa.  This  uniformly  present  and  easily  distinguished  horizon 
will  be  taken  as  a  convenient  standard  of  reference  for  the 
layers  of  the  rocks  of  the  Cedar  Valley  stage  in  Benton  county. 

Near  the  north  line  of  sections  14  and  15  of  Taylor  town- 
ship the  flood  plain  of  the  Cedar  river  is  bounded  on  the  north 
by  an  escarpment  fifty  to  sixty  feet  in  height.  The  ledges  in 
the  face  of  this  bluff  are  mostly  concealed  by  Eansan  drift, 
but  there  are  occasional  outcrops  where  rocks  appear  at  the  sur- 
face. At  the  very  top  of  this  scarp  the  weathered  edges  of  the 
uppermost  layers  of  limestone  appear  somewhat  interruptedly 
through  the  till  for  a  distance  of  more  than  one  mile. 

Mr.  Pettit  has  opened  a  quarry  in  the  northwest  quarter  of 

section  14,  near  the  base  of  the  bluff  mentioned  above.    The 

.  rocks  at  this  place  are  yellowish  colored  limestone,  not  greatly 

disturbed.    They  contain  numerous-  fossils,  among  which  the 

following    forms    are    not    rare:     Spirifer   pennatus,   Atrypa 
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reticularis  and  very  larf^e  forms  of  Orthis  iowensis,  besides 
fragments  of  several  individuals  of  a  loosely  coiled  species  of 
Oyroceras.  There  is  exposed  at  this  place  a  vertical  height  of 
about  ten  feet.  The  horizon  is  that  of  the  Gyroceras  beds 
which  belong  to  a  zone  immediately  beneath  the  beds  of 
Spirifer  pennatus. 

Some  rods  further  west  in  the  same  bank  there  is  exposed  a 
ledge  about  twenty  feet  in  height  which  occupies  a  position 
nearly  midway  between  the  base  and  the  top  of  the  bluff. 
The  character  of  the  rocks  at  this  point  appears  in  figure  8. 
They  consist  of  light  gray  limestones  which  are  much  brecciated 


throughoat  the  thickness  of  the  outcrop.  In  the  lower  portion 
of  this  exposure,  which  lies  about  ten  feet  above  the  top  of  the 
Pettit  quarry  section,  there  occur  in  abundance,  large  and  robust 
iotxna  oi  Spirifer  pennatus,  and  numerous  individuals  of  the 
finely  striated-form  of  Atrypa  reticularis  with  widely  extending 
lamella;,   similar  to  the  type  that  occurs  at  Independence. 
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With  these  fossils  are  associated  Spirifer  bimesialts,  Gypidtda 
comis  and  large  shells  of  Orthis  iowensis-  Id  the  upper  half  of 
this  exposure  Spirifer  pennatus  becomes  less  abundant,  the  form 
of  Atrypa  reticularis  becomes  more  coarsely  ribbed,  Orthis 
iowensis  continues  but  the  individuals  are  of  smaller  size. 
There  appear  besides  the  above  species  numerous  individuals  of 
the  variety  occidenlalis  of  Atrypa  aspera.  The  rocks  exposed  at 
this  point  belong  to  the  Spirifer  pennatus  horizon  vpfaich  con- 
stitutes the  uppermost  member  of  the  Fayette  sub-stage. 

About  eight  rods  east  of  this  place  there  is  exposed,  near  the 
top  of  the  bluff,  a  thickness  of  about  thirteen  feet  of  evenly 


WlO.  9.  Bxpan>r«  In  an  ■bkodoned  qnarrr,  wotloD  IS  Of  l^lor  townahlp.  The  .1e«rii«Iar<a 
itaMdtoni  ooral  reaf  mppoBn  at  (he  top.  Tbe  vl«w  ■taom  the  ehuaeter  ol  the  lafera 
between  (hie  eonl  reef  and  the  tone  oC  Aetrvularia  profunda. 

bedded,  gray  limestone,  shown  in  figure  9.  At  the  very  top  of  this 
bed  there  is  a  layer  about  two  feet  in  depth  composed  almost 
wholly  of  coral  remains.  Prominent  among  these  are  beautiful 
colonies  of  Acervularia  davidsoni,Favosites  alpenensis,  nameroQS 
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individuals  of  Favositessp.  Cystiphyllum  americanum,  Heliophyl- 
lum  halli,  Ptychophyllum  versiforme,  besides  an  undetermined 
species  of  Cyathophyllumand  of  Stromatopora.  At  the  top  of  this 
layer  the  coralla  are  weathered  free  from  the  limestone  matrix 
and  are  much  iron-stained,  indicating  that  the  reef  may  origi- 
nally have  been  thicker  than  at  present.  The  upper  portion  of 
this  bed  doubtless  suffered  degradation  through  the  agencies  of 
weathering  before  it  was  covered  by  the  protecting  mantle  of 
drift. 

Below  the  coral  reef  the  limestone  is  in  regular  layers  which 
vary  from  a  few  inches  to  two  or  three  feet  in  thickness.  The 
fossils,  Spirifer  parryanus  and  Cladopora  iowensis  occur  im- 
mediately below  the  reef,  while  Orthis  iowensis,  Atrypa  reticu- 
Ia7'is  and  the  varieties  of  Atrypa  aspera  are  abundant  in  the 
layers  in  the  lower  part  of  the  exposure. 

The  layers  that  can  be  seen  at  this  place  correspond  with 
numbers  4  to  8  inclusive  of  the  section  of  Quinn's  quarry. 
They  are  all  slightly  flexed,  but  they  were  not  involved  in  the 
brecciation  and  disturbance  that  so  profoundly  affected  the 
underlying  beds  which  outcrop  a  few  rods  west  of  this  place. 

From  these  exposures  it  is  evident  that  the  layers  of  lime- 
stone through  which  the  waters  of  the  Cedar  river  have  cut 
during  the  course  of  development  of  this  portion  of  its  chan- 
nel are  embraced  between  the  Acervularia  davidsoni  coral  reef 
at  the  top,  and  the  Gyroceras  beds  at  the  base.  These  layers 
include  the  lower  representatives  of  the  rocks  of  the  Cedar 
Valley  stage  and  the  uppermost  members  of  those  of  the  Wap- 
sipinicon.  All  of  the  rocks  exposed  in  Taylor  township  adja- 
cent to  the  town  of  Vinton,  as  well  as  the  most  of  those  which 
outcrop  further  eastward,  in  the  vicinity  of  Shellsburg,  find 
their  equivalent  in  some  portion  of  the  beds  embraced  between 
the  two  members  mentioned  above. 

Near  the  northwest  corner  of  section  22,  Taylor  township,  in 
the  corporate  limits  of  the  town  of  Vinton,  Mr.  Rosenberger 
has  opened  a  quarry  which  is  at  present  operated  by  the  city. 
At  this  place  the  following  section  was  observed  below  the 
surface  materials: 
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3.  Bed  of  light  colored  limeitone,  in  rather  regular 
layers  a  few  inches  to  one  foot  in  thickness. 
These  layers  contain  Orihis  iowensis  ^  Airy  pa 
reticularis^  A  try  pa  aspera  vars.  hystrix  and 
occidentalis 6 

2  Layer  of  gray  limestone  in  which  coralla  of 
Acervularia  profunda  ^  an  nndetermined  spe- 
cies of  Cystiphyllum  and  a  spherical  form  of 
Favosites  are  not  infrequent 1 

1.  ,  Bed  of  light  gray  limestone,  much  shattered  and 
brecciated,  in  some  places  showing  indistinct 
planes  of  bedding;  containing  the  fossils; 
Spirifer  pennatuSt  Gypidula  comis,  Gypidula 
iaifiuscula,  Atrypa  reticularis  ^  Atrypa  aspera 
var.,  Pentamerella  arata,  Dielasma  iowensis 
and  D.  romingeri,  besides  a  gastropod  re- 
sembling a  species  of  Pleurotomaria 14 

In  this  section  Dumber  1  corresponds  with  the  shattered  zone 
described  as  the  Spirifer  pennatus  beds  at  the  most  westerly 
exposure  in  the  Cedar  river  bluff,  in  Taylor  township.  It  is 
the  equivalent  of  number  2  of  the  Quinn  quarry  section.  The 
rocks  of  this  horizon  are  usually  more  or  less  shattered  or 
disturbed  wherever  in  the  county  they  are  exposed.  Number 
2  above  is  the  equivalent  of  number  3  in  the  Quinn  quarry 
exposure.  The  presence  of  Acervularia  profunda  in  this  mem- 
ber makes  it  an  easily  recognized  zone  immediately  overlying 
the  beds  ot  Spirifer  pennatus.  Number  3  of  the  Rosenberger 
section  is  the  correlative  of  number  6  in  the  section  of  Quinn's 
quarry. 

In  the  extreme  eastern  portion  of  the  county  there  are 
exposed  rocks  which  introduce  a  horizon  a  little  higher  than 
those  at  the  Rosenberger  quarry.  The  following  section  was 
made  a  short  distance  southeast  of  Shellsburg,  on  land  owned 
by  Mr.  Dwigan.  The  quarry  is  in  the  south  bank  of  Bear 
creek,  near  the  middle  of  section  14  of  Canton  township: 

VBXT. 

9.    Dark  gray  soil,  without  pebbles  or  bowlders li 

8.  Reddish-brown  clay  containing  numerous  peb- 
bles of  trap  'and  quartz,  and  occasional  bowl- 
ders of  granite 2 

7.  Ledga  made  up  of  layers  of  much  decayed,  gray 
limestone  through  which  numerous  water  pas- 
sages have  been  formed  by  solution  and  erosion.      3 
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6.  Layer  crowded  with  coral  remains,  among  which 
coralla  of  Acervularia  davidsoni  are  predomi- 
nant. FavcsiUs  alpenensis^  Pavositei  sp.,  Cys- 
tiphyllum  am€ricanu$n  and  Ptychophyilum  versu 
forme  also  are  not  rare 2\ 

5.  Layer  of  light  gray  limestone  which  weathers  into 
thin  chips,  and  contains  ^pirifer  parryanus  and 
Cladopora  iawensis li 

4.  Ledge  of  hard,  brachiopod  limestone,  gray  in 
color,  in  some  places  forming  a  single  layer  and 
in  others  showing  an  indefinite  line  of  separa- 
tion into  two  parts.  Fragments  of  the  iossiis 
Orthis  iowensis  and  Atrypa  reticularis  are  very 
abundant 4 

3.  Bed  composed  of  two  layers,  each  about  twenty 
inches  in  thickness.  This  limestone  is  dark- 
gray  in  color  and  contains  numerous  remains  of 
Atrypa  reticularis,  Atrypa  aspera  var. ,  Orthis 
iowensis,  Spirifer  pennatus ,  Cladopora  iawensis 
and  a  species  of  Cyathophyllum  3i 

2.  Layer  of  shelly,  gray  limestone,  similar  in  color 
and  texture  to  number  3  above,  and  containing 
similar  fossils 1 

1 .  Bed  composed  of  three  layers  of  limestone ,  respect- 
ively 1^  and  2  feet  in  thickness.  These  layers 
carry  the  following  fossils:  Spirifer  pennatus, 
Atrypa  reticularis ^  Atrypa  aspera  var.,  Orthis 
iowensis,  Stropheodonta  demissa  and,  in  the 
lowermost  layer,  coralla  of  Acervularia  profunda, 
and  of  a  species  of  Cyathophyllum  and  of 
Pavosites 4i 

In  the  above,  which  will  be  referred  to  as  the  Dwigan  quarry 
section,  numbers  1  to  5  inclusive  represent  the  successive  layers 
of  limestone  that  normally  intervene  between  the  Acervularia 
davidsoni  coral  reef  and  the  zone  of  Acervularia  profunda. 
Spirifer  parryanus  occupies  a  definite  position  in  the  layer  im- 
mediately below  the  main  coral  reef.  Cladopora  iowensis  Owen 
[Striatopora  rugosa  Hall)  is  generally  associated  with  Spirifer 
parryantis,  but  it  is  also  abundant  throughout  the  layers  for  a 
depth  of  five  or  six  feet  below  the  zone  of  that  Spirifer.  Num- 
ber 6  represents  the  coral  reef  of  the  Acervularia  davidsoni 
horizon.  Its  development  here  and  its  coral  content  are  con- 
sistent with  that  of  the  Acervularia  davidsoni  reef  at  this  par- 
ticular well  marked  horizon  at  other  points  in  the  state.  It  is 
the  ^equivalent  of  number  8  of  the   Quinn  quarry    section, 
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and  corresponds  with  the  uppermost  layer  that  appears  in  the 
north  bluff  of  the  Cedar  river  valley,  in  sections  14  and  15  of 
Taylor  township. 

Number  8  is  a  bed  of  Eansan  drift  so  shallow  that  the  atmos- 
phere has  more  or  less  completely  effected  the  oxidation  of  its 
iron  content  throughout  the  entire  depth.  Number  9  is  a  durk 
colored  soil  that  has  been  formed  upon  the  surface  of  the  till. 
It  is  rarely  that  the  drift  is  exposed  at  the  surface  in  Benton 
county  except  upon  hillslopes  where  the  fine-grained  overlying 
material  has  been  removed  by  erosion.  This  homogenous 
deposit  is  probably  a  wind  blown  substance  that  was  laid  down 
above  the  drift  in  a  manner  similar  to  that  of  the  loess  in  this 
portion  of  the  state.  The  dark  color  of  the  soil  band  is  due  to 
the  accumulation  of  carbonaceous  matter  which  has  resulted 
from  the  decay  of  countless  generations  of  plants  during  the 
centuries  through  which  vegetation  has  flourished  upon  the 
present  surface. 

About  one  mile  east  and  seven  miles  north  of  Dwigan's  quarry, 
there  is  exposed  a  vertical  escarpment  of  limestone  forty-two 
feet  in  height.  In  this  cliff,  which  is  known  locally  as  Wild 
Cat  bluff,  there  are  presented  layers  of  the  Cedar  Valley  lime- 
stone which  lie  above  any  of  the  beds  that  outcrop  around 
Shellsburg  or  in  the  immediate  vicinity  of  Vinton.  The  ledge 
is  on  land  owned  by  Mr.  Broaddy,  and  is  located  near  the  middle 
of  section  10  of  the  congressional  township  of  Benton.  It  forms 
the  north  bank  of  the  Cedar  river  about  twenty  rods  west  of 
the  wagon  bridge  across  that  stream.  At  this  place  the  follow- 
ing section  is  exposed : 

12.  Homosenaous,  fine-grained  material,  dark  gray 
in  color  throughout  the  greater  portion  of  its 
depth.  This  pebbleless  soil  has  slipped  down 
from  above,  concealing  the  face  of  the  bed  of 
drift  that  normally  underlies  the  soil  band. . . . 

11 .  Bed  of  impure ,  yellowish*brown  limestone  which 
^  weathers  into  layers  four  to  eight  inches  in 

thickness.  Between  the  layers  are  frequently 
intercalated  narrow  bands  of  chert  noduleit 
and  quartz  geodes.  This  bed  contains  disks 
of  crinoid  stems,  besides  the  shells  of  Spirifer 
subvaricosus ,  a  large  Spirifer  resembling  Spgn- 
natus  and,  in  its  lower  portion, the  very  large, 
coarse- ribbed  variety  of  Airypa  reticularis. . . 
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10.  Bed  of  yellowish,  impure  limestone  which 
weathers  into  thin ,  fissile  fragments  and  carries 
the  fossils  Stropheodonta  demissa,  Orthis 
iowensis^Atrypa  reticularis^  the  large  Spirifer 
somewhat  resembling  S.pennatus  and  a  species 
of  coral  belonging  to  the  genus  Cyathophyllum      5 

9.  Bed  of  hard,  gray  limestone  which  weathers  into 
layers  two  or  three  inches  to  one  foot  in  thick- 
ness, and  contains  fossils  similar  to  those 
found  in  number  10  aboye 3i 

8.  Layer  crowded  with  coralla  of  Acenmlaria  david- 
soni^Favosites  alpenensis^  and  the  other  corals 
usually  associated  with  these  in  the  main  coral 
reef 2 

7.  Layer  of  hard,  gray  limestone,  containing  num- 
erous fragments  of  crinoid  stems  together 
with  the  fossils  Spirifer  parryanus%  Orikis 
iowensis,  Atrypa  reticularis,  Cladopora  iawen- 
sis,  Acenmlaria  davidsami  and  an  unde- 
termined species  of  Farosites \\ 

6,  Bed  made  up  of  three  layers  of  gray  limestone, 
each  about  sixteen  inches  in  thickness,  con- 
taining Cladopora  iowensis,  Ortkis  iowensis, 
Atrypa  reticularis  and  a  Spirifer  much  like  5. 
pennatus 4 

5.  Bed  of  gray  limestone  composed  of  four  layers, 
respectively  six,  seven,  eight  and  twelve  inches 
in  thickness;  carrying  fossils  similar  to  those 
found  in  number  6,  together  with  Atrypa 
aspera  var.  occidentalis 2f 

4.  Bed  of  white  limestone,  in  three  imperfect  layers 
each  about  four  inches  in  thickness;  contain- 
ing fossils  similar  to  those  found  in  number 
5,  besides  fragments  of  bryozoans  and  shells 
of  Orthothetes  ckemungensts 1 

3.  Ledge  of  gray  limestone,  containing  in  abun- 
dance the  fossils  Orthis  iowensis,  Atrypa  reticu* 
laris,  A .  aspera  var.  and  Spirifer  pennatus, . .      4^ 

2.  Massive  layer  of  dark  gray  limestone,  composed 
of  coarse  fragments  of  brachiopod  shells 
among  which  those  found  in  number  3  above 
are  predominant;  with  these  are  associated 
undetermined  species  of  corals  belonging  to 
the  genera  Favosites  and  Cyathophyllum ....      5^ 

1.     Bed  of  light  gray  limestone,   less  rich  in  fossils 
than  the  overlying  layers;  containing  Spirifer 
pennatus t  Orthis  iowensis,  Atrypa  asPera  var. 
occidentalism  A,  reticularis  and  a   species  of    . 
Cyathophyllum 6i 
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In  the  above  section,  which  may  be  referred  to  as  that  of  the 
Wild  Cat  bluff,  number  1  probably  corresponds  with  the 
upper  portion  of  the  Spirifer  pennatus  beds:  Although  there  is 
no  brecciation  or  disturbance  in  the  rocks  of  this  member,  yet 
the  fossils  occurring  here  are  not  inconsistent  with  those  found 
near  the  top  of  the  Wapsipinicon  stage.  The  relation  which 
this  bed  sustains  to  the  overlying  coral-bearing  zone  would  also 
indicate  its  position  at  the  upper  part  of  the  Spirifer  pennatus 
horizon.  This  member  is  the  equivalent  of  number  2  of  the 
Quinn  quarry  section,  and  corresponds  with  the  upper  part  of 
number  1  of  Rosenberger's  quarry.  At  Wild  Cat  bluff  the  bank 
below  number  1  is  talus  covered  for  a  distance  of  twenty-two 
feet,  down  to  the  water's  edge.  Number  2  probably  represents 
the  zone  of  Acervularia  profunda.  Although  no  coralla  of 
Acervularia  profunda  were  found  at  this  exposure,  corals 
usually  associated  with  that  fossil  are  abundant  in  number  2. 
This  member  is  easily  correlated  with  number  3  of  the  Quinn 
quarry  section,  with  number  2  of  the  Rosenberger  quarry,  and 
with  number  1  of  the  section  at  Dwigan's  quarry,  near  Shells- 
burg. 

The  Acervularia  profunda  zone  is  quite  constant  in  Benton 
county  at  a  horizon  about  twelve  feet  below  that  of  the  A. 
davidsoni  reef,  but  in  the  exposure  at  Wild  Cat  bluff  there  is 
present  a  thickness  of  about  nineteen  feet  of  Cedar  Valley 
limestone  below  the  reef  of  Acervularia  davidsoni.  In  Taylor 
township  the  position  of  this  coral  reef  is  only  about  thirteen 
feet  above  the  base  of  the  Cedar  Valley  stage.  In  Buchanan 
county,  farther  north,  a  still  less  vertical  distance  separates  the 
Spirifer  pennatus  beds  from  the  coral  reef,  while  to  the  south- 
ward, in  Johnson  county,  a  thickness  of  forty-eight  feet  of 
limestone  intervenes  between  the  Acervularia  davidsoni  horizon 
and  the  base  of  the  Cedar  Valley  stage.  The  members  3  to  6 
inclusive,  at  this  place,  resemble  the  rocks  seen  at  the  cor- 
responding horizon  at  other  points  in  Benton  county.  The 
material  is  quite  hard,  and  occurs  in  rather  regular  layers.  It 
is  largely  composed  of  more  or  less  perfectly  comminuted  frag- 
ments of  brachiopod  shells.  The  assemblage  of  fossils  which 
characterize  these  layers  includes  very  numerous  individuals  of 

12 
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Atrypa  aspera  var.  occideutalis  associated  with  which  are  Atrypa 
reticularis^  Orthis  iouensis  and  Spirifer  pennatus.  While  the 
fossil  Spirifer  pennatus  is  quite  uniformly  present  in  these 
members  it  does  not  occur  here  in  such  abundance  as  it  does 
lower  down  in  the  proper  Spirifer  pennatus  zone.  At  this 
higher  horizon,  too,  the  cardino-lateral  margins  of  the  shells 
of  this  species  are  usually  prolonged  into  relatively  wide 
extensions.  Number  4  contains  fragments  of  the  shells  of 
Orthothetes  chemungensis ;  and  in  number  6  the  coral  Cladopora 
ioirensis  is  abundant.  The  shells  of  Orthis  iowensis  found  in 
these  layers  are  very  much  smaller  and  less  flaring  than  those 
of  the  individuals  of  this  species  in  numbers  1  and  2  of  this 
same  section. 

Number  7  represents  the  typical  development  of  the  layer 
which  immediately  underlies  the  Acervularia  davidsoni  coral 
reef.  The  diagnostic  fossil  of  this  layer  is  Spirifer  parryanus. 
Associated  with  this  species  there  also  occur  Cladopora  iowensis^ 
Orthis  iowensis,  Atrypa  reticularis,  occasional  coralla  of  Acer- 
vularia davidsoni  and  of  a  spherical  species  of  Favosites,  the 
latter  corals  being  introduced  a  short  distance  below  the  coral 
reef  proper.  Number  8  represents  the  Acervulaj'ia  davidsoni 
reef  with  its  usual  assemblage  of  corals.  Many  of  the  coralla 
at  this  place  have  weathered  out  of  the  soft,  shaly  matrix  so 
that  exceptionally  perfect  and  beautiful  specimens  are  exposed. 

In  the  absence  of  any  contrary  indications  Professor  Geikie* 
assumes  that  these  Paleozoic  limestone  building  corals,  like 
their  modern  representatives,  flourished  only  in  the  seas  where 
the  minimum  temperature  never  fell  below  68'  Fahr.  If  this 
assumption  be  true,  the  constant  and  uniform  development  of 
the  coral  zones  of  the  Devonian  system  in  Benton  county,  and 
in  our  state,  would  testify  to  the  prevalence  of  a  much  more 
genial  and  uniform  temperature  in  our  latitude  during  the  ages 
of  the  Devonian  through  which  these  deposits  were  being 
formed.  That  these  ancient  corals,  like  their  present  relatives, 
flourished  best  in  seas  where  the  waters  were  contaminated  by 
no  mechanical  sediments  is  indicated  by  the  fact  that  in  the 
coral  zones  like    the  Acervularia  davidsorii  reef  the  coralla 


•Geikie:  Text  Book  of  Geology,  4th  Bd.,  1908,  p.  948. 
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form  a  compact  layer.  The  interstices  only  are  occupied  by 
calcareous,  shaly  material  which  may  readily  have  been  derived 
from  the  coral  masses  by  the  attrition  incident  upon  the  action 
of  the  waves  before  the  materials  became  consolidated. 

It  seems  certain  that  tbe  growth  of  the  Devonian  corals  was 
restricted  by  some  special  conditions  of  existence  from  the 
abruptness  with  which  the  reef  species  give  place  to  other 
fossils  in  the  layers  immediately  above  and  below  the  narrow 
coral  horizon. 


rto.  10.    B)poaoi 


Numbers  10  and  11  of  the  last  section  are  composed  of 
impure,  earthy  limestone,  yellow  in  color  and  rather  fine- 
grained in  texture.  They  contain  numerous  nodules  of  chert 
■  which  are  often  arranged  in  more  or  less  definite  bands.  Geodes 
of  quartz  are  also  abundant  in  these  beds.  The  characteristic 
fossil  of  number  11  is  the  very  large,  coarse-ribbed  variety  of 
Atri/pa  reticularis.  The  shells  of  this  species  are  here  three 
ncbes  in  length  and  about  as  wide  as  loug.     The  surface  is 
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marked  by  very  coarse  striae  as  compared  with  the  ornamenta- 
tion of  the  forms  of  normal  size.  The  constant  occurrence  in 
this  zone  of  such  a  remarkable  form  of  Atrypa  reticularis  ren- 
ders the  identification  and  correlation  of  this  member  an  easy 
task.  It  marks  a  definite  horizon  about  nine  feet  above  that  of 
the  Acervularia  davidsoni  reef  in  the  deposits  near  the  middle 
portion  of  the  Cedar  Valley  stage.  In  numbers  10  and  11  there 
also  occur  shells  of  a  large  Spirifer  which  resembles  in  some 
respects  S.  pennatus,  Spirifer  subvaricosuSy  and  large  forms  of 
Stropheodonta  demissa  which  are  considerably  wider  than  long. 
Near  the  northwest  corner  of  section  9,  Harrison  township, 
the  Cedar  river  sweeps  with  a  broad  curve  to  the  southward. 
At  this  place  the  force  of  the  current  has  been  directed  against 
the  bank  which  bounds  the  valley  on  the  east.  The  river  here 
is  bordered  for  several  rods  by  a  ledge  of  limestone  fifty  feet  in. 
height.  See  figure  10.  This  exposure  below  the  drift  affords 
an  exceedingly  instructive  section  which  is  given  below: 

rasT. 
10.  Bed  of  fine-grained,  impure  limestone, yellow- 
ish in  color,  made  up  of  regular  layers  from 
three  to  twelve  inches  in  thickness,  which 
carry  but  few  fossils,  but  contain  abundant 
small  concretions  of  chert 13 

9.  Bed  of  dense,  gray,  fine-grained  limestone 
which  is  crowded  with  detached  shells  of 
a  large  Spirifer  and  Camarotcechia  cf .  pro- 
lifica.  Occasional  shells  of  Atryfa 
reticularis  and  Cyrtina  hamilionensis  are  also 
present i 

8.  Bed  of  impure,  magnesian  limestone,  in  layers 
fropi  two  to  twenty  inches  in  thickness, 
yellowish- brown  in  color,  and  carrying!but 
few  fossils.  Nodules  of  chert  are  abundant 
in  this  member 10 

7.  Bed  of  limestone,  variable  in  color,  separable 
into  a  number  of  indefinite  layers,  yielding 
but  slowly  to  the  action  of  the  atmosphere; 
containing  the  fossils,  Pavosites  sp., 
Rynchonella  sp.,  Spirifer  sp.,  and  teeth  of 
Ptyctodus  calceolus.  Near  the  top  occurs^the 
very  large,  coarse-ribbed  form  of  AtryPa 
reticularis 7i 
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rxsT. 

6..  Reef  composed  largely  of  coralla  of  Acervularia 
davidsoni^  containing  also  the  species  of 
Cyathophylluxn ,  Ptychophyllum,  Cystiphyl- 
lum  and  Pavosites  that  usually  occur  in  this 
zone 3^ 

5.  Layer  of  gray  limestone  which  contains  Clado- 
poraiowensis^  Pavosites  sp.,  Orthis  iowensis, 
Atrypa  reticularis^  Productella  subalata^ 
Pentamerella  dubia^  Spirifer  parryanus  dmd. 
very  large  tritors  of  Ptyctodus  calceolus 4 

4.  Bed  made  up  of  two  layers  of  hard ,  shelly 
limestone,  respectively  sixteen  and  twelve 
inches  in  thickness.  This  bed  carries  the 
fossils  found  in  number  3  below,  together 
with  Cladopora  iowensis,  Cyathophyllum 
sp . ,  six-rayed  spicules  of  sponge,  four  dif- 
ferent species  of  bryozoa,  Strophsodonta 
demissa  and  a  species  of  Orthothetes 2i 

3.  Layer  of  gray  limestone,  almost  a  brachiopod 
coquina,  in  which  there  occurs  in  abundance 
the  remains  of  Spirifer  pennatus,  Atrypa 
aspera  var.  occidentalism  AtryPa  reticularis 
and  Orthis  iowensis 3 

2.  Regular  layers  of  rather  hard,  gray  limestone, 
not  broken  or  disturbed,  and  bearing  numer- 
ous fossils,  among  which  are  Acervularia 
Profunda,  Pavosit6|B  sp.,  Cyathophyllum  sp., 
Cladopora  sp.,  Stromatopora  s^i.^Stropheo- 
donta  demissa^  Orthis  iowensis^  Atrypa 
reticularis^  the  var.  occidentalis  of  Atrypa 
aspera,  Productella  subalata^  Chonetes  sp. 
and  a  thin  shell  belonging  to  the  genus 
Oielasma 2 

1.  Bed  of  light  gray  limestone,  somewhat  shat- 
tered and  brecciated,  containing  the  fossils 
Stropheodanta  demissa  ^  Orthis  iowensis^ 
Atrypa  reticularis^  Atrypa  aspera  var.  occi* 
dentaliSt  Spirifer  pennatus  and  a  species  of 
Gomphoceras,  exposed  to  the  water's  edge  3 

In  the  above,  which  may  be  designated  as  the  Cedar  River 
section,  number  1  represents  the  gray,  brecciated  limestone  near 
the  upper  part  of  the  Spirifer  pennatus  beds.  It  is  the  equiva- 
lent of  the  upper  portion  of  number  1  of  the  Bliss  quarry  sec- 
tion, and  corresponds  w^ith  the  upper  part  of  number  1  at  the 
Rosenberger  quarry.  The  fossil  Gypidula  comis^  which  is  char- 
teristic  of  this  zone,  was  not  found  at  the  Cedar  River  exposure. 


_i 
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However,  the  limited  area  of  the  rocks  here  exposed  makes  it 
possible  that  it  may  be  present  at  this  place,  although  not 
detected.  The  rocks  are  thoroughly  shattered  and  much  dis- 
placed in  a  manner  typical  of  the  tStyefcte  breccia  horizon. 

Number  2  is  the  Acervulnria  profunda  bed  which  constitutes 
the  basal  member  of  the  Cedar  Valley  stage  in  Benton  county. 
The  elegant  coral,  Phillipsastrea  billingsi  Calvin,  whose  large 
and  beautiful  colonies  are  often  associated  with  Acerrularia 
profunda  at  this  horizon  in  Buchanan  county,  was  not  seen  at 
any  point  in  the  «ounty  of  Benton.  This  member  is  easily  cor- 
related with  number  3  of  the  Quinn  quarry  section,  with  num- 
ber 2  of  the  Rosenberger  quarry,  and  with  number  2  of  the 
exposure  at  Wild  Cat  bluff. 

The  members  3  to  5  inclusive,  of  this  section,  contain  the 
typical  fossils  and  represent  the  normal  development  of  the 
limestones  that  intervene  between  the  Acervularia  profunda 
zone  and  the  Acervularia  davidsoni  coral  reef.  They  find  their 
ready  correlative  in  the  beds  that  lie  between  those  two  hori- 
zons at  all  points  in  the  county  where  these  rocks  are  exposed. 
Number  6  is  the  Acervularia  davidsoni  reef  which  is  universally 
present  at  this  horizon  in  this  county,  and  in  the  most  of  the 
other  counties  of  eastern  Iowa  that  are  crossed  by  the  Cedar 
river. 

Number  7  embraces  the  bed  of  variable  limestone  that,  for  a 
few  feet  in  height,  normally  overlies  the  coral  reef.  The  pres- 
ence of  the  very  large,  coarsely-striated  type  of  Atrypa  reti- 
cularis, which  occupies  a  position  near  the  top  of  the  bed, 
makes  it  possible  to  assign  this  member  to  its  proper  place  in 
the  series  of  the  Cedar  Valley  limestones,  even  where  the  well 
marked  reef  which  underlies  it  is  not  exposed.  The  upper  por- 
tion of  this  member  is  the  equivalent  of  the  lower  portion  of 
number  11  in  the  Wild  Cat  bluff  exposure.  The  layers  that  lie 
between  the  zone  containing  the  large,  coarse  form  of  Atrypa 
reticularis  and  the  coral  reef  are  quite  variable  in  their  develop- 
ment. The  sediments  of  which  they  are  formed  were  probably 
laid  down  at  no  great  distance  from  shore,  on  a  sea  bottom 
where  the  wave  action  was  vigorous,  at  times,  but  more  or  less 
inconstant.    Shells  of  a  large  species  of  Spirifer  are  frequently 
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found  associated  with  the  large  type  of  Atrypa  reticularis  in  the 
exposures  in  Benton  county. 

The  layers  included  in  number  8  are  evenly  bedded,  impure 
limestones  which  are  yellowish  in  color,  fine-grained  in  texture 
and  contain  but  few  fossils.  In  the  quarries  that  are  opened 
along  the  Cedar  river  in  the  northern  portion  of  the  county, 
the  equivalent  of  the  layers  in  number  8,  and  the  beds  which 
overlie  that  member,  furnish  the  best  stone  that  the  county 
affords,  with  the  exception  of  the  limited  amount  of  the  Coggan 
limestone  described  above. 

The  thicker  layers  of  this  member  were  originally  of  a  blue 
color.  In  some  of  these  the  change  to  yellow  has  been  accom- 
plished only  for  a  thickness  of  three  or  four  inches  adjacent  to 
the  planes  of  bedding,  leaving  a  narrow  band  of  unchanged 
blue  color  in  the  middle  portion.  The  materials  of  these  beds 
are  quite  hard  and  the  natural  ledges  show  a  good  degree  of 
resistance  to  the  disintegrating  agencies  of  the  atmosphere 
where  they  have  been  long  exposed  to  the  weather. 

Number  9  is  a  narrow  layer  of  very  hard,  fine-grained  lime- 
stone. It  is  gray  in  color  and  contains  in  great  abundance  a 
large,  undescribed  species  of  Spirifer.  With  this  species  were 
associated  Cyrtina  hamiltonensis,  Camarotoechia  cf.  C.  prolifica 
and  a  small  form  of  Atrypa  reticularis.  This  narrow  band  is 
quite  constant  in  its  lithology  and  fossil  content  over  all  of  the 
northern  portion  of  Benton  county.  It  furnishes  a  valuable 
means  of  correlation,  and  marks  a  definite  horizon  about  ten 
feet  above  the  zone  of  the  very  large,  coarse  type  of  Atrypa 
reticularis. 

Number  10  is  made  up  of  a  number  of  layers  of  dense,  fine- 
grained limestone  of  variable  thickness.  In  some  of  the  expo- 
sures the  layers  are  composed  of  yellow,  magnesian  materials, 
while  at  other  points  not  far  distant  they  are  light  gray,  almost 
pure,  limestones  without  any  trace  of  the  magnesian  character. 
Chert  nodules  are  abundant  in  this  bed.  Sometimes  they  are 
segregated  along  the  planes  of  stratification  so  as  to  form  a 
narrow  band,  and  again  they  are  scattered  indiscriminately 
through  the  materials  of  the  different  layers.    At  this  place  the 
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strata  that  are  exposed  in  the  btuS  dip  to  tbe'soatb  at  the  rat« 
of  about  twelve  inches  in  a  distance  of  forty  feet. 

Just  across  a  ravine  a  few  rods  further  up  the  river,  Mr.  Long 
has  opened  a  quarry  in  this  ledge,  near  the  southwest  corner  of 
section  4  of  Harrison  township.  The  beds  which  he  has 
worked  are  shown  in  figure  11.  Tbey  are  embraced  between 
the  Acervularia  ihir'nlsoni  coral  reef  at  the  base  and  the  layers 


lo.  II.  L''ti8l'B  qnarrjr  In  Iha  MM  bulk  of  ttaeOedor  rlT«r,  seetlon  4  of  Harrlfon  towuhlpi. 
The  thick  ledge  M  the  bH«  ooiitBlnB  the  large,  oosree-rlbbed  Atrjipa  i-eMoulaHi.  The 
narrow  laiyer  nor  the  middle.  msTked  Mo.  %  oa  the  ligbt.  lepreaeute  the  CameroltBohla 


at  the  top  which  constitute  the  uppermost  portion  of  number 
10  in  the  Cedar  River  section.  About  seven  fet-t  above  the 
floor  of  the  quarry  the  large  form  of  Atrypa  reticularis  is 
encountered.  With  this  fossil  also  occurs  a  lar^'e  form  of  Spi- 
riter,  as  in  the  exposure  at  Wild  Cat  bluff.  About  ten  feet 
above  the  zone  of  the  large  Atrypa  there  occurs  a  narrow  layer 
of  gray,  fine-grained  limestone  wiiich  is  crowded  with  shells  of 
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an  undescribed  species  of  Spirifer  and  a  Camarotoechia  re- 
semhling  C.  proHfica.  This  layer  is  the  equivalent  of  number 
9  of  the  Cedar  River  section. 

Intervening  between  the  horizon  of  the  coarse  Atrypa  and 
the  narrow  zone  containing  Camarotoechia  and  Spirifer  sp., 
there  occurs  about  ten  feet  of  regularly  bedded,  yellow  lime- 
stone which  is  the  equivalent  of  the  layers  constituting  number 
8  of  the  Cedar  River  exposure.  The  materials  of  these  layers 
at  Long's  quarry  are  fine-grained,  impure  limestone,  containing 
numerous  chert  concretions.  In  cross  section  the  thinner 
layers  are  yellow  in  color  throughout,  as  are  also  the  thicker 
ones  with  the  exception  of  a  narrow  band  of  blue  in  the  middle 
portion.  It  is  probable  that  all  of  these  layers  were  originally 
a  blue  stone,  and  that  they  have  been  changed  to  a  yellow 
color  through  the  action  of  the  chemical  agencies  of  the  atmos- 
phere and  of  percolating  waters.  The  stone  from  this  bed  is 
of  durable  quality.  It  occurs  in  layers  of  such  thickness  as  to 
be  conveniently  worked,  and  it  can  be  quarried  in  blocks  of 
almost  any  size  desired.  Some  of  the  material  in  the  abutments 
of  the  bridge  that  spans  the  Cedar  river  near  the  north  line 
of  the  county  came  from  the  layers  of  number  8  at  Long's 
quarry.  At  this  place  the  narrow,  Camarotoechia  zone  is  suc- 
ceeded by  a  bed  of  limestone  about  twelve  feet  in  thickness, 
which  is  the  equivalent  of  number  10  of  the  last  section  pre- 
sented. The  rocks  of  this  uppermost  bed  resemble  those  of  the 
corresponding  horizon  in  the  Cedar  River  section  in  the  thick- 
ness of  the  layers,  in  the  color  and  texture  of  the  materials,  in 
the  abundance  of  chert  nodules,  and  in  the  scarcity  of  fossils. 

About  two  miles  south  of  the  Cedar  River  exposure  Mr.  George 
Kaapp  has  opened  a  quarry  in  the  bank  which  borders  Minnie 
Estima  lake  on  the  east.  This  lake  is  a  lagoon  or  ox-bow 
cut-off  lying  in  the  flood  plain  of  the  Cedar  river,  in  section  16 
of  Harrison  township.  At  this  place  the  following  layers  are 
exposed  below  the  drift: 
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4.  Bed  of  Kght  gray  limestone »  in  layers  from  three 
to  nine  inches  in  thickness.  In  some  cases 
partings  of  soft,  gray  shale  separate  adjacent 
layers.  The  material  is  fine-grained,  and 
contains  numerous  concretions  of  chert  and 
bat  few  fossils 9 

3 .  Layer  composed  almost  wholly  of  chert  nodnles 
which  vary  from  two  to  three  inches  to  over  one 
foot  in  long  diameter % 

2.    Bed  of  gray  limestone  which  weathers  into  a 

number  of  rather  indistinct  layers,  two  to  eight 

inches  in  thickness;  containing  Stropheoiionla 

'    demissoy  Splrifer  sp. ,   and  the  Very  robust, 

coarsely-striated  variety  of  Atrypa  relicularis . .    3 

1.  Ledge  of  hard,  gray  limestone  which  weathers, 
into  thin  bits,  and  contains  a  large  species  of 
Spirifer 2 

In  the  above  section  the  presence  of  the  very  large  form  of 
Atrypa  reticularis  in  the  second  member  determines  that  hori- 
zon as  the  equivalent  of  the  upper  portion  of  number  7  of  the 
Cedar  River  section,  and  of  the  lower  portion  of  number  11  of 
the  Wild  Cat  bluff  exposure.  With  respect  to  number  2  the 
other  members  of  the  section  are  readily  assigned  their  proper 
places  in  the  Cedar  Valley  series.  The  position  of  number  1  is 
about  three  or  four  feet  above  the  Acervularia  davidsoni  reef, 
while  numbers  3  and  4  inclusive  correspond  with  number  8  of 
the  Cedar  River  section. 

Some  rods  to  the  north  of  Knapp's  quarry,  near  the  north 
end  of  the  same  lake,  Mr.  McKinley  has  taken  out  stone  from 
layers  which  correspond  with  number  4  of  the  Knapp  quarry 
section.  In  both  of  these  exposures  the  rocks  which  belong  to 
the  horizon  of  number  4  above  are  fine-grained,  gray  limestones 
which  contain  no  fossils.  Chert  nodules  are  abundant  in  these 
beds,  as  they  are  in  the  corresponding  layers  of  the  Cedar  River 
and  the  Long  quarry  exposures.  At  McKinley's  quarry,  too, 
the  layers  dip  to  the  south  at  about  the  same  angle  as  those 
described  in  the  Cedar  River  section. 

Directly  across  the  river,  and  about  one-half  mile  west,  from 
McKinley's  quarry  the  water  of  the  Cedar  washes  the  foot  of  a 
ledge  of  limestone  twenty-five  feet  in  height.    This  bluff  is  on 
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land  owned  by  Mr.  Eirkland,  and  is  located  near  the  northeast 
comer  of  section  17  of  Harrison  township.  The  section  of  in- 
durated rocks  shown  here  is  as  follows: 

rasT. 
9.    Bed   of   light  gray   limestone,    fine-grained,  in 
layers  two  to  eight  inches  in  thickness;  con- 
taining no  fossils 4 

8.  Bed  made  np  of  three  layers  of  hard,  fine-grained 
limestone,  each  about  ten  inches  in  thickness. 
These  layers  are  light  gray  in  color,  and  are 
wiOoatloHUs 2X 

7.     Layer  of  dense,  gnqr  IliuaihiBB  vtiidcli  watban 

into  bands  one  and  one-half  to  three  inches  in 
thickness;  without  fossils .   lyi 

6.  Bed  of  light  gray,  fine-grained  limestone,  in  lay- 
ers two  to  eight  iDches  in  thickness;  bearing 
no  fossils 4 

5 .    Layer  of  white  limestone ,  very  hard ,  fine-grained, 

and  containing  no  fossils 1^ 

4.  Bed  of  impure  limestone  gray  in  color,  in  two 
layers,  one  and  one-half  and  two  feet  in  thick- 
ness respectively,  which  weather  into  thinner 
laminae.  This  bed  carries  no  fossils,  but 
contains  numerous  concretions  of  chert Syi 

3.  Layer  of  light  yellow,  magnesian  limestone,  fine- 
grained and  quite  hard.  Nodules  of  chert  are 
abundant,  but  fossils  are  wanting 1 

2.  Bed  of  gray  limestone  which  is  imperfectly  sep- 
arated into  three  layers.  Chert  nodules  are 
numerous  throughout  the  bed .  Near  the  top 
occur  in  abundance  fragments  of  shells  of  a 
large  Spirifer  and  Camarotoechia,  cf .  C.  pro- 
lifica 5 

1.  Bed  of  yellowish -brown,  magnesian  limestone, 
fine-grained  and  very  hard;  bearing  no  fossils 
but  containing  masses  of  chert;  to  water's 
edge 2% 

In  the  above  section  the  horizon  readily  recognized  is  that  of 
the  upper  portion  of  number  2,  which  contains  fossils  similar 
to  those  of  number  9  in  the  Cedar  River  section.  The  members 
3  to  8  inclusive,  of  the  Kirkland  section,  correspond  with  the 
barren  beds  embraced  in  number  10  of  the  Cedar  River  ex- 
posure. At  the  Kirkland  quarry  the  material  of  which  these 
beds  are  composed  is  a  much  purer  carbonate  of  lime  than  that 
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of  the  layers  constituting  number  10  in  the  Cedar  Kiver  sec- 
tion. Number  9  above  probably  represents  a  zone  higher  in 
the  Cedar  Valley  series  than  any  previously  noted  in  the 
county.  Number  1,  together  with  the  major  portion  of  number 
2  in  the  Kirkland  section,  corresponds  with  the  upper  portion  of 
number  8  of  the  Cedar  River  section,  with  the  upper  portion  of 
the  Knapp  and  McKinley  quarry  sections,  and  with  the  upper 
part  of  number  11  of  the  Wild  Cat  bluff  exposure.  The  de- 
velopment of  the  members  represented  in  the  Kirkland  sec- 
tion is  not  much  different  from  that  in  the  exposures  on  the 
east  side  of  the  river.  The  beds  of  this  horizon  become  more 
yellow  in  color,  and  carry  a  much  larger  proportion  of  earthy 
impurities  further  to  the  northward,  as  is  seen  at  Long's  quarry 
and  in  the  Cedar  River  section  given  above.  This  fact  is  also 
strikingly  shown  in  an  exposure  in  the  west  bank  of  the  Cedar 
river  near  the  north  line  of  Benton  county. 

This  ledge  is  a  short  distance  below  the  river  bridge,  near  the 
northwest  corner  of  section  6  of  Harrison  township.  The 
quarry  is  owned  by  Mr.  Keiser,  and  presents  the  following 
succession  of  layers: 

VKET. 

12.     Dark  colored,  fine-grained,  pebbleless  soil 1 

11.  Bed  of  reddish-brown  clay,  containing  numer- 
ous pebbles  of  quartz  and  greenstone  with 
occasional  granite  bowlders  of  larger  size 2 

10      Layer  of   much   decayed  fragments  of  brown 

limestone,  without  fossils 3 

9.  Bed  composed  of  two  layers  of  yellow,  earthy 
limestone,  each  about  eight  inches  in  thick- 
ness, fine-grained  and  without  fossils 1^ 

^.  Bed  of  gray  limestone  which  weathers  into  thin 
layers  about  one  inch  in  thickness,  without 
fossils 3 

7.  Layer  of  very  hard,  earthy  limestone,  yellow  in 
color  and  fine-grained  in  texture;  fossils 
wanting f 

6.  Bed  made  up  of  layers  of  buff,  earthy  limestone 
two  to  six  inches  in  thickness,  which  are  fine- 
grained in  texture  and  non-fossiliferous 3i 

5.  Layer  of  yellow,  impure  limestone  which  weath- 
ers into  indistinct  layers  three  to  six  inches  in 
thickness;  without  fossils li 

4.     Layer  similar  to  number  5  above 2 


/ 
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3.  Yellowish-brown  layer  of  fine-grained,  impure 
limestone;  carrying  occasional  concretions  of 
chert  which  are  most  numerous  adjacent  to  the 
planes  of  bedding 2i 

2.  Layer  of  variable,  impure  limestone,  fine- 
grained and  very  hard .  Near  the  base  of  this 
layer  chert  nodules  are  abundant,  and  shells 
of  a  large  form  of  Spirifer  and  Catmirotcechia 
cf .  proiifica  are  very  numerous 2 

1 .  Bed  made  up  of  two  layers  of  buff,  earthy  lime- 
stone in  which,  at  irregular  intervals,  occur 
bands  and  numerouij  masses  of  chert,  without 
fossils;  to  base  of  the  exposure  which  is  about 
four  feet  above  the  level  of  the  water 4 

The  layers  in  this  quarry  are  cut  by  numerous,  oblique  joints 
which  divide  the  ledge  into  large  rhombic  masses.  The 
material  of  which  the  beds  are  composed  is  mostly  a  fine- 
grained, earthy  limestone.  Many  of  the  layers  are  strongly 
magnesian,  and  some  of  them  are  so  thoroughly  dolomitic  that 
they  respond  but  slightly  to  the  application  of  cold  hydro- 
chloric acid.  The  entire  ledge  is  regularly  bedded,  and  furnishes 
quarry  stone  of  convenient  dimensions  and  durable  quality. 

In  the  section  of  Reiser's  quarry,  number  2,  the  only  member 
that  contains  fossils,  furnishes  the  key  to  the  correlation  of 
the  beds.  From  the  identity  of  their  fossil  contents  the  lower 
portion  of  number  2  is  considered  the  equivalent  of  the  upper 
portion  of  number  2  of  the  Kirkland  quarry  section,  and  it  cor- 
responds with  number  9  in  the  Cedar  River  exposure.  The 
numbers  3  to  10  inclusive  of  the  Keiser  section  are  the  equival- 
ent of  the  beds  embraced  by  the  numbers  3  to  9  of  that  at  the 
Kirkland  quarry.  They  are  also  the  correlative  of  number  10 
of  the  Cedar  River  section.  N'umber  1  of  the  Keiser  quarry  section 
corresponds  with  number  1  of  Kirkland's  quarry,  and  with  the 
upper  portion  of  number  8  of  the  Cedar  River  section. 

Still  further  north,  in  Buchanan  county,  the  materials  which 
compose  the  rocks  of  this  horizon  preserve  the  yellow  color  and 
the  earthy,  magnesian  character  that  distinguish  them  in  the 
northern  portion  of  Benton. 

The  most  westerly  exposure  of  indurated  rocks  in  Benton 
county,  as  far  as  is  known,  is  on  land  owned  by  Mr.  John  Tripp, 
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of  the  layers  constituting  number  10  in  the  Cedar  Kiver  sec- 
tion. Number  9  above  probably  represents  a  zone  higher  in 
the  Cedar  Valley  series  than  any  previously  noted  in  the 
county.  Number  1,  together  with  the  major  portion  of  number 
2  in  the  Kirkland  section,  corresponds  with  the  upper  portion  of 
number  8  of  the  Cedar  River  section,  with  the  upper  portion  of 
the  Knapp  and  McKinley  quarry  sections,  and  with  the  upper 
part  of  number  11  of  the  Wild  Cat  bluff  exposure.  The  de- 
velopment of  the  members  represented  in  the  Kirkland  sec- 
tion is  not  much  different  from  that  in  the  exposures  on  the 
east  side  of  the  river.  The  beds  of  this  horizon  become  more 
yellow  in  color,  and  carry  a  much  larger  proportion  of  earthy 
impurities  further  to  the  northward,  as  is  seen  at  Long's  quarry 
and  in  the  Cedar  River  section  given  above.  This  fact  is  also 
strikingly  shown  in  an  exposure  in  the  west  bank  of  the  Cedar 
river  near  the  north  line  of  Benton  county. 

This  ledge  is  a  short  distance  below  the  river  bridge,  near  the 
northwest  corner  of  section  6  of  Harrison  township.  The 
quarry  is  owned  by  Mr.  Keiser,  and  presents  the  following 
succession  of  layers: 


rKET. 

12.     Dark  colored,  fine-grained,  pebbleless  soil 1 

11.  Bed  of  reddish-brown  clay,  containing  numer- 
ous pebbles  of  quartz  and  greenstone  with 
occasional  granite  bowlders  of  larger  size 2 

10      Layer  of   much   decayed  fragments  of  brown 

limestone,  without  fossils 3 

9.  Bed  composed  of  two  layers  of  yellow,  earthy 
limestone,  each  about  eight  inches  in  thick- 
ness, fine-grained  and  without  fossils 1^ 

^.  Bed  of  gray  limestone  which  weathers  into  thin 
layers  about  one  inch  in  thickness,  without 
fossils  3 

7.  Layer  of  very  hard,  earthy  limestone,  yellow  in 
color  and  fine-grained  in  texture;  fossils 
wanting { 

6.  Bed  made  up  of  layers  of  buff,  earthy  limestone 
two  to  six  inches  in  thickness,  which  are  fine- 
grained in  texture  and  non-fossiliferous 3i 

5.  Layer  of  yellow,  impure  limestone  which  weath- 
ers into  indistinct  layers  three  to  six  inches  in 
thickness;  without  fossils li 

4.     Layer  similar  to  number  5  above 2 


/ 
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3.  Yellowish-brown  layer  of  fine-grained,  impure 
limestone;  carrying  occasional  concretions  of 
chert  which  are  most  numerous  adjacent  to  the 
planes  of  bedding 2i 

2.  Layer  of  variable,  impure  limestone,  fine- 
grained and  very  hard .  Near  the  base  of  this 
layer  chert  nodules  are  abundant,  and  shells 
of  a  large  form  of  Spirifer  and  Catmirotcechia 
cf .  prolifica  are  very  numerous. 2 

1 .  Bed  made  up  of  two  layers  of  buff,  earthy  lime- 
stone in  which,  at  irregular  intervals,  occur 
bands  and  numerouij  masses  of  chert,  without 
fossils;  to  base  of  the  exposure  which  is  about 
four  feet  above  the  level  of  the  water 4 

The  layers  in  this  quarry  are  cut  by  numerous,  oblique  joints 
which  divide  the  ledge  into  large  rhombic  masses.  The 
material  of  which  the  be(Js  are  composed  is  mostly  a  fine- 
grained, earthy  limestone.  Many  of  the  layers  are  strongly 
magnesian,  and  some  of  them  are  so  thoroughly  dolomitic  that 
they  respond  but  slightly  to  the  application  of  cold  hydro- 
chloric acid.  The  entire  ledge  is  regularly  bedded,  and  furnishes 
quarry  stone  of  convenient  dimensions  and  durable  quality. 

In  the  section  of  Reiser's  quarry,  number  2,  the  only  member 
that  contains  fossils,  furnishes  the  key  to  the  correlation  of 
the  beds.  From  the  identity  of  their  fossil  contents  the  lower 
portion  of  number  2  is  considered  the  equivalent  of  the  upper 
portion  of  number  2  of  the  Kirkland  quarry  section,  and  it  cor- 
responds with  number  9  in  the  Cedar  River  exposure.  The 
numbers  3  to  10  inclusive  of  the  Keiser  section  are  the  equival- 
ent of  the  beds  embraced  by  the  numbers  3  to  9  of  that  at  the 
Kirkland  quarry.  They  are  also  the  correlative  of  number  10 
of  the  Cedar  River  section.  Number  1  of  the  Keiser  quarry  section 
corresponds  with  number  1  of  Kirkland's  quarry,  and  with  the 
upper  portion  of  number  8  of  the  Cedar  River  section. 

Still  further  north,  in  Buchanan  county,  the  materials  which 
compose  the  rocks  of  this  horizon  preserve  the  yellow  color  and 
the  earthy,  magnesian  character  that  distinguish  them  in  the 
northern  portion  of  Benton. 

The  most  westerly  exposure  of  indurated  rocks  in  Benton 
county,  as  far  as  is  known,  is  on  land  owned  by  Mr.  John  Tripp, 
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near  the  northwest  corner  of  section  17  of  Cedar  township. 
This  quarry  is  opened  on  the  south  side  of  the  wagon  road 
along  the  east  bank  of  Rock  creek.  At  this  place,  too,  the 
beds  are  cut  by  very  numerous  joints,  and  they  are  inclined 
strongly  towards  the  south. 

The  section  exposed  below  the  superficial  materials  is  as  fol- 
lows: 

VIST. 

4.  Bed  of  yellow,  earthy  limestone,  fine-grained  and 
without  fossils,  made  up  of  irregular  layers 
which  are  not  continuous  throughout  the  few 
rods  in  length  of  the  exposure  6 

3.  Bed  of  buff,  fine-grained,  magnesian  limestone, 
composed  of  layers  four  to  eight  inches  in  thick- 
ness, without  fossils 3 

2.  Layer  of  impure,  yellow  limestone  which  is  fine- 
grained ,  and  contains  fragments  of  several  fos- 
sils in  a  poor  state  of  preservation U 

1.  Bed  of  buff  colored  dolomite,  made  up  of  two 
layers,  each  about  eighteen  inches  in  thickness; 
without  fossils 3 

In  this  quarry  the  rock  is  more  or  less  perfectly  dolomitic 
throughout.  It  is  fine-grained,  subcrystalline  in  texture,  and  is 
uniformly  of  a  deep  yellow  color.  The  lithology  of  these  layers 
is  unlike  that  of  any  beds  seen  elsewhere  in  the  county.  Num- 
ber 2  of  the  section  contains  fragments  of  the  following  fossils 
which  furnish  the  only  means  of  assigning  the  layers  to  their 
proper  place  in  the  deposits  of  the  Cedar  Valley  stage: 

Cladopora  iowensis  Owen. 

Favosites  sp. 

CyathophyllufH  sp . 

CystiphyllufH  sp. 

Stropheodonta  detnissa  Conrad.  Large,  broad  forms. 

Atrypa  reticularis  Linn.   Coarse  forms,  but  not  so  robust  . 

as  the  largest  type. 
Spirifer  sp.  Large  individuals. 
Piyctodus  calceolus  Newberry  and  Worthen.    Large  tritors 

three  inches  in  length;  also  concave  teeth,  and  large 

fish  plates,  6x2  inches. 
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None  of  the  above  fossils  are  diagnostic  of  a  definite  zone. 
Clndopora  toirensis  occurs  most  abundantly  immediately  above, 
or  a  short  distance  below,  the  Acfrvularia  dacidsoni  coral  reef. 
This  form  of  Spirifer  is  not  infrequently  found  at  the  same 
horizons  in  Benton  county.  Atrifpa  reticularis  also  occurs  both 
above  and  below  the  above  mentioned  reef,  but  when  found 
below  the  reef  it  is  almost  invariably  accompanied  by  Ortkis 
toirensis,  which  latter  fossil  did  not  appear  at  Tripp's  quarry. 
At  this  place,  too,  the  Atrifpa  reticularis  was  larger  and  more 


Fio.  IZ  Kipoaora  In  the  abKodooed  qubrrr  on  Hlnkle 
topota  reef  ftpi>Bmr»  ne«r  the  top.  The  rcnks  here  i 
OedBT  VBlIer  llmaatone  tonnd  ia  BenloD  oonnty. 

strongly  marked  than  the  form  normally  occnrring  below  the 
coral  reef,  although  it  was  not  so  robust  and  coarsely-ribbed  as 
the  typical  form  at  the  horizon  about  eight  feet  above  that 
zone.  The  large,  broad  form  of  Stropheodonta  demissa  normally 
occurs  a  short  distance  above  the  coral  reef,  while  occasional 
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coralla  of  the  other  corals  found  in  this  member  might  be 
encountered  either  above  or  below  the  Acervularia  davidsoni 
horizon.  If  the  position  of  these  rocks  was  immediately  below 
the  coral  reef,  they  would  probably  contain  the  fossil  Spirifer 
parryaftiis  .  If  they  represent  a  zone  some  distance  below  the 
reef  they  would  almost  certainly  contain  Atrypa  aspera  var. 
occidentalis  and  Orthis  iowensis. 

From  the  above  considerations  it  seems  probable  that  the 
rocks  exposed  at  Tripp's  quarry  represent  a  dolomitic  phase  of 
the  Cedar  Valley  limestones  belonging  to  a  horizon  not  far 
above  the  Acervularia  davidsoni  coral  reef.  Number  2  in  the 
section  would  then  be  the  equivalent  of  number  2  of  the  Knapp 
quarry  section,  and  would  correspond  with  the  upper  portion 
of  number  7  of  the  Cedar  River  section ,  and  with  the  lower 
portion  of  number  11  of  the  Wild  Cat  bluff  exposure. 

An  exceedingly  interesting  rock  exposure  occurs  about  nine 
miles  south  and  two  miles  east  of  John  Tripp's  quarry.  This 
outcrop  is  near  the  southeast  corner  of  section  28  of  Jackson 
township,  about  one-half  mile  east  of  the  town  of  Garrison. 
See  figure  12.  At  this  place  stone  was  formerly  quarried  in 
large  quantities  for  the  Burlington,  Cedar  Rapids  and  Northern 
railroad.  The  ledge  was  worked  in  the  south  bank  of  Hinkle 
creek,  just  south  of  the  track  and  east  of  the  railroad  bridge 
across  that  stream.  A  section  at  this  abandoned  quarry  shows 
the  following  succession  of  layers: 

10.  Pint-grained,  pebbleless  material,  dark  gray  in 
color  at  the  top ,  grading  down  to  yellow  in  the 
middle  and  lower  portions 3 

9.    Bed  of  reddish-brown  clay,  containing  numerous 

pebbles  and  occasional  bowlders 2 

8.  Ledge  of  light  gray,  subcrystalline  limestone, 
very  hard  and  somewhat  brecciated ,  containing 
numerous  spherical  Stromatoporoids 3 

7.  Massive  ledge  of  dense,  gray  limestone,  composed 
largely  of  various  species  of  Stromatoporoids 
and  masses  of  Idiostroma-like  stems,  few  of 
which  can  be  recognized.  This  bed  is  also 
somewhat  brecciated  in  places;  and  contains 
fragments  of  Diektsma  iowensis^  Gypidula 
Ueviuscula  and  casts  of  Straparollus 
cyclosiomus ^ 6 
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6.  Ledge  of  hard,  gray  limestone  which  weathers 
into  two  indistinct  layers,  and  contains  masses 
of  spherical  Stromatoporoids 31 

5.  Bed  of  very  hard,  white,  subcrystalline  lime- 
stone, without  fossils li 

4.  Ledge  of  yellowish-gray,  non-fossiliferous  lime- 
stone which  is  fine-grained  and  very  hard.  The 
upper  portion  bears  numerous  small  cavities, 
the  largest  of  which  are  nearly  one  inch  in 
diameter 4 

3.     Bed  of  dense,   gray  limestone,  fine-grained  and 

very  resistant  to  weathering;  Without  fossils. ...    3i 

2.  Bed  composed  of  several  layers  of  very  hard,  fine- 
grained limestone,  white  in  color  and  without 
fossils.  The  layers  are  six  to  fifteen  inclies  im 
thickness S\ 

1.  Bed  made  up  of  two  layers  of  yellowish-brown 
limestone  which  are  respectively  two  feet  and 
one  and  one-half  feet  in  thickness.  The  mate- 
rial is  fine-grained,  and  contains  no  fossils 3i 

The  above  will  be  designated  as  the  Garrison  section.  It 
seems  probable  that  all  of  the  layers  that  are  encountered  in 
this  quarry  lie  above  the  zone  of  the  uppermost  layers  that  are 
exposed  in  the  quarries  in  the  northern  portion  of  the  county. 
Numbers  6  to  8  inclusive  are  the  only  members  of  the  Garrison 
section  that  contain  fossils.  In  these  layers  were  found  numer- 
,ous  masses  of  spherical  Stromatoporoids,  and  indistinct,  branch- 
ing structures  which  resemble  stems  of  Idiostroma,  together 
with  casts  of  the  gastropod,  Straparollvs  cyclostomus. 

In  the  upper  portion  of  the  deposits  of  the  Cedar  Valley 
stage,  in  Johnson  county,  there  occur  layers  whose  lithological 
characters  resemble  those  of  the  members  6  to  8  inclusive  of 
the  above  section,  and  which  carry  similar  fossils  in  great 
abundance.  It  seems  probable  that  the  beds  embraced  in  the 
numbers  6, 7  and  8  of  the  Garrison  section  correspond  with  those 
of  the  above  mentioned  horizon  in  Johnson  county,  and  that 
these  layers  in  the  Garrison  exposure  represent  the  uppermost 
series  of  the  Cedar  Valley  limestone,  as  the  deposits  of  that  age 
are  developed  in  the  county  of  Benton  as  well  as  in  Johnson. 

The  materials  of  which  these  members  are  largely  composed 
are  light  colored,  very  hard  and  exceedingly  fine-grained.  The 
brecciated  or  fractured  portion  consists  of  sharply  angular  frag- 

13 
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ments  of  this  fine-grained  material,  from  one-half  inch  to  two 
inches  in  length,  which  are  firmly  cemented  together  by  an 
interstitial  deposit  of  calcite,  or  by  a  matrix  of  very  fine- 
grained, subcrystalline  stone.  Small,  irregularly  shaped 
cavities  are  not  infrequent  in  this  brecciated  portion.  In  some 
places  the  fractured  material  once  carried  an  abundance  of  fos- 
sils, but  the  disturbance  which  resulted  in  the  shattering  of  the 
beds,  and  the  subsequent  action  of  percolating  water  from 
which  the  interstitial  materials  were  derived,  have  resulted  in 
the  destruction  to  a  very  large  extent  of  the  fossils  which  the 
beds  originally  contained. 

Like  the  Acervularia  davidsoni  coral  reef,  at  a  horizon  several 
feet  lower,  this  Stromatoporoid  reef  forms  a  well  marked  and 
persistent  zone  in  the  upper  portion  of  the  Cedar  Valley  stage 
over  the  most  of  the  area  in  which  those  rocks  are  exposed  in 
the  state.  Besides  its  occurrence  at  points  in  Benton  and  John- 
son counties,  already  mentioned,  this  bed  of  Stromatoporoids 
overlies  the  lithographic  limestone  horizon  in  Mitchell  county. 
It  constitutes  the  "  coral  marble  "  of  Charles  City  and  Marble 
Rock,  in  Floyd  county.  Its  materials  compose  number  4  of  the 
general  section*  of  the  Cedar  Valley  limestones  in  Cerro  Gordo 
county,  and  it  outcrops  near  Cedar  Falls  and  at  other  points 
along  the  Cedar  river  in  the  county  of  Black  Hawk. 

The  members  3  to  5  inclusive,  of  the  Garrison  section,  are 
made  up  of  light  colored,  very  hard  and  fine-grained  limestone 
which  contains  no  fossils.  It  seems  probable  that  they  are  the 
equivalent  of  the  layers  of  lithographic  limestone  which 
occur  a  short  distance  below  the  Stromatopora  horizon,  further 
north,  in  the  county  of  Mitchell. 

General  Cedar  Valley  section. — From  the  sections  described 
above,  a  general  section  of  the  limestones  of  the  Cedar  Valley 
stage  in  Benton  county  might  be  constructed  as  follows: 
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9.  Bed  of  liRht  colored  limestone,  very  hard  and 
fioe-grained,  made  up  of  layers  from  three  to 
six  feet  in  thickness,  brecciated  in  the  upper 
part  and  containing  numerous  Stromatopo- 
roids  together  with  Gypidula  laeviuscula^ 
Dielasma  iowensis  and  casts  of  Siraparollus 
cyclostomus 12i 

8.  Bed  composed  of  dense,  light  gray,  fine-grained 
limestone  which  is  very  resistant  to  the  agents 
of  weathering,  and  contains  no  fossils,  in 
layers  one-half  foot  to  four  feet  in  thickness. .     14i 

7.  Regularly  bedded,  fine-grained,  non-fossilifer- 
ous  layers  which  in  some  places  are  impure, 
magnesian  limestone,  yellowish-brown  in 
color,  and  in  other  places  are  a  gray  colored 
carbonate  of  lime.  The  layers  vary  from  a 
few  inches  to  one  or  two  feet  in  thickness. 
Concretions  of  chert  are  frequent  in  the  lower 
portion  of  this  bed 18 

6.  Narrow  ssone  of  hard,  fine-grained  limestone, 
which  is  usually  light  gray  in  color,  and  con- 
tains in  abundance  disjoined  shells  of  an  un- 
described  species  of  Spirifer,  Cyriina  hamil- 
(anensiSf  a  small  form  of  Atrypa  reticularis 
and  numerous  individuals  of  Camarotoechia 
cf.  C.  proHHca i-1 

5.  Bed  of  impure,  magnesian  limestone,  yellowish- 
brown  in  color  and  fine-grained  in  texture, 
without  fossils,  made  up  of  rather  regular  lay- 
ers which  vary  from  two  to  twenty  inches  in 
thickness,  and  which  contain  numerous 
nodules  of  chert 10 

4.  Bed  of  variable  limestone,  the  color  of  which  is 
not  constant,  and  the  texture  and  lithology 
of  which  vary  at  points  not  widely  separated. 
The  following  fossils  occur  in  this  bed:  Pavo- 
sites  sp.,  Rhynchonella  sp.,  Spirifer  sp.  and 
teeth  of  Ptyctodus  calceolus.  At  a  constant 
position  near  the  top  the  very  large  and 
coarsely-striated«form  of  AtryPa  reticularis  is 
found 7i 

3.    Coral  reef  composed  largely  of  coralla  of  Acer- 

vularia  davidsoni 2 
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TEET. 

2.  Bed  of  s:ray  limestone,  composed  of  quite  regu- 
lar layers  and  carrying  numerous  fossils 
throughout.  The  characteristic  species  are 
Cladopora  towensis,  Siropheodonia  demissa^ 
Orthis  iowenstSf  Atrypa  reticularis.  A, 
aspera  var.  occidentalism  Spirifer  pennatus 
near  the  base,  and  Spirifer  parryanus  near 
the  top 10-15 

1 .  Bed  of  hard,  gray  limestone,  which  bears  nun^er- 
ous  fossils,  among  which  Acervularia  pro- 
funda, F Kvosites  up. ,  Stropkeodonta  demissa^ 
Orthis iowensis,  Atrypa  reticularis,  A.  aspera 
var.  occidentalis  and  Productella  sudalata  are 
conspicuous 2-3 

From  the  above  general  sectioD  it  will  be  seen  that  there  is 
exposed  in  Benton  county  a  maximum  thickness  of  more  than 
eighty  feet  of  limestones  belonging  to  the  Cedar  Valley  stage. 
There  is  a  thickness  of  fifty  feet  intervening  between  the 
Stromatoporoid  bed  and  the  Acervularia  davidsoni  coral  reef. 
In  Johnson  county  these  two  zones  are  separated  by  a  thick- 
ness of  only  about  ten  or  twelve  feet  of  sediments.  The  deep 
bed  of  yellow  colored,  magnesian  limestone  that  is  so  conspicu- 
ous a  feature  of  the  rocks  of  this  horizon  in  Benton  county 
does  not  seem  to  be  represented  in  the  Cedar  Valley  deposits 
further  southward.  To  the  north  in  Cerro  Gordo  county,  how- 
ever, this  group  of  strata  attains  a  development  nearly  similar 
to  that  found  in  the  county  under  discussion. 

The  layers  which  underlie  the  coral  reef  are  much  more  uni- 
formly fossiliferous  than  those  which  occur  above  that  zone. 
The  following  fossils  represent  a  few  of  the  forms  of  life  which 
peopled  this  particular  portion  of  the  Devonian  sea  during  the 
age  when  the  above  sediments  were  being  laid  down: 

Astmaspongia  hamiltonensisf    Meek  and  Worthen. 

Cyathophyllum  sp. 

Heliophyllum  halli  Ed.  &  H. 

Ptychophyllum  versiforme  Hall. 

Acervularia  davidsoni  Ed .  &  H . 

Acervularia  profunda  Hall. 

Cystiphyllum  americanum  Ed.  &  H. 

Favosites  alpenensis  Winch. 

Favosites  sp.  sphericaL 

Favosites  sp.  ramose. 
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Cladopora  iawensis  Owen. 

Cladoporm  magna  Hall  and  Whitf. 

Aulapora  sp. 

Stromatopora  sp. 

Monticulipora  sp. 

Fenestella  sp. 

Stropheodonia  demissa  Conrad. 

Pholidostrophia  nacrea  Hall. 

Orthothetes  chemungensis  Conrad . 

Chonetes  scitulus  Hall. 

Productella  subalata  Hall. 

Orthis  iowensis  Hall. 

Pentatnerella  dubia  Hall. 

Peniamerella  arata  Conrad . 

Gypidula  laviuscula  Hall. 

Cyrtina  hamiltonensis  Hall . 

Spirifer  Hmbriatus  Morton. 

Spirifer  s'p , 

Spirifer  parryanus  Hall. 

Spirifer  pennatus  Owen . 

Spirifer  subvaricosus  Hall  and  Whitf. 

Atkyris  vittata  Hall. 

Atrypa  reticularis  Linn. 

Atrypa  aspera  yar.  occidentalis  Hall. 

Atrypa  aspera  var.  hystrix  Hall. 

•Camarotcechid  prolificaf    Hall. 

Bellerophan  sp. 

Straparollus  cyclostomus  Hall. 

OMitfAiria  sp . 

Paracyclas  elliptica  Hall. 


Lower  Carboniferous  or  Mississippian  Series. 

KINDERHOOK  STAGE. 

During  the  time  of  deposition  of  the  later  Devonian  lime- 
stones that  portion  of  the  floor  of  the  Paleozoic  sea  that 
included  what  is  now  Benton  county  was  slowly  rising.  The 
upward  movement  progressed  in  a  general  direction  from  the 
northeast  towards  the  southwest.  The  deposits  of  the  Cedar 
Valley  stage  in  Benton  county  were  brought  to  a  close  when 
the  sea  retreated  such  a  distance  to  the  westward  that  the 
greater  portion  of  our  area  emerged  frona  beneath  the  waters 
and  became  a  portion  of  the  growing  continent. 
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A  well  put  down  on  land  owned  by  Mr.  W.  B.  Benson,  near 
the  middle  of  section  30  of  Kane  township,  encountered  a  bed 
of  shale  immediately  below  the  drift.  Another  well  located  a 
short  distance  south  of  the  middle  of  section  36  of  Iowa  town- 
ship, on  land  owned  by  Mr.  C.  B.  Greenlee,  penetrated  a  similar 
body  of  shale  to  a  depth  of  several  feet.  Other  wells  drilled 
in  Iowa  county,  a  short  distance  south  of  the  border  of  Benton, 
pass  through  a  thickness  of  one  hundred  feet  of  shale  interven- 
ing between  the  drift  and  the  white  limestone  of  Cedar  Valley 
age.  Further  west,  in  Tama  and  Marshall  counties,  this 
shale  bed  is  exposed  at  the  surface.  At  these  points  where  the 
waters  were  deeper,  and  where  they  prevailed  for  a  longer 
period,  the  shale  is  succeeded  by  beds  of  sandstonJB,  oolite  and 
magnesian  limestone.  This  entire  series  of  sandstone,  shale, 
oolite  and  magnesian  limestones  constitute  the  deposits  of  the 
Kinderhook  age  of  the  Lower  Carboniferous  series,  as  those 
deposits  are  developed  in  central  Iowa. 

In  the  early  part  of  the  Kinderhook  age  a  slow  upward  move- 
ment of  the  land  caused  the  waters  to  withdraw  entirely 
from  the  region  under  discussion.  During  the  remainder  of 
the  Kinderhook  and  the  whole  of  the  succeeding  ages  of  the 
Lower  Carboniferous  epoch  our  area  remained  above  the  sea 
and  suffered  the  constant  wasting  of  its  surface  by  the  remorse- 
less agents  of  degradation. 

The  Upper  Carboniferous  epoch  was  ushered  in  by  a  down- 
ward oscillation  of  the  earth's  crust  in  which  all  of  the  central 
and  southern  portion  of  Iowa  was  involved.  With  this  subsi- 
dence there  began  the  deposits  of  the  Des  Moines  stage  con- 
sisting of  seams  of  coal  and  beds  of  sandstone  and  shale,  which 
were  spread  over  the  surface  of  the  former  lands.  Such  deposits 
are  not  known  to  be  exposed  in  Benton  county,  but  they  occur 
in  the  adjacent  counties  lying  to  the  east,  south  and  west, 
hence  there  seems  little  doubt  but  that  they  once  covered 
Benton  also,  perhaps  to  a  depth  of  many  feet. 

The  source  of  the  sandstone  material  may  have  been  the 
degeneration  of  crystalline  rocks  which  existed  as  land  masses 
f  urther  northward,  or  more  probably  it  was  derived  from  the 
disintegration  of  the  old  quartzite  highland  which  at  that  time 
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stood  above  the  waters  in  northwestern  Iowa  and  in  the  eastern 
portion  of  South  Dakota. 

Several  years  a^o  a  coal  prospector  by  the  name  of  Caldwell 
put  down  a  shaft  in  the  south  bank  of  the  Cedar  river  at  a 
point  known  locally  as  Barr's  bluff.  This  bluff  is  a  prominent 
escarpment  which  overlooks  the  river  near  the  middle  of  the 
north  side  of  section  14  of  Benton  township.  According  to  the 
statements  of  Messrs.  Carver  and  La  Tourenne,  of  Shellsbarg^, 
some  coal  was  actually  taken  from  this  shaft  at  a  depth  of 
thirty  feet. 

In  the  Independence  shales  of  Buchanan  county  there  occur 
occasional  seams  of  black,  highly  carbonaceous  shale  and  even 
thin  films  of  real  coal.*  Wherever  the  Independence  shales 
are  developed  they  occupy  a  horizon  immediately  below  the 
Fayette  breccia.  It  is  probable  that  the  shaft  thirty  feet  in 
depth  at  the  foot  of  Barr's  bluff  encountered  this  deposit  of 
shale, notwithstanding  the  fact  that  ten  miles  further  westward, 
where  the  contact  of  the  Fayette  deposits  with  those  of  the 
Coggan  are  seen,  the  Independence  shales  are  not  certainly 
present.  Of  course  there  is  no  possibility  of  finding  seams  of 
workable  coal  in  the  strata  of  Devonian  age. 

At  the  time  of  the  writer's  visit  to  Barr's  bluff,  during  the 
summer  of  1903,  there  was  to  be  seen  a  depression  that  indi- 
cated the  place  of  the  abandoned  shaft,  but  no  fragments  of 
shale  or  coal  or  sandstone  were  found  either  on  the  dump  heap 
or  at  the  foot  of  the  bluff  or  along  the  bed  of  the  stream. 

The  scarp  is  over  one  hundred  feet  in  height  and  is  composed 
of  the  normal  series  of  Cedar  Valley  limestones.  The  face  of 
the  ledge  is  somewhat  talus  covered,  but  in  the  bank  of  a  small 
stream  that  renders  tribute  to  the  river  a  few  rods  to  the  west 
of  the  abandoned  shaft  there  are  well  exposed  all  of  the  layers 
which  are  embraced  between  the  zone  of  the  very  robust  and 
coarse-ribbed  variety  of  Atrypa  reticularis  and  the  horizon  of 
Acervidaria  profunda,  at  the  base  of  the  Cedar  Valley  series. 

While  it  is  possible  that  isolated  outliers  of  sandstone  of  the 
Des  Moines  stage  may  be  present  beneath  the  drift  in  Benton 
county  there  is  small  probability  that  coal  will  ever  be  found 
in  such  quantity  as  to  be  profitably  worked.    Our  county  is 
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east  of  the  coal-bearing  area  of  the  state  at  this  latitude.  Dur- 
ing the  Des  Moines  age  the  water  did  not  cover  this  region  to 
such  a  depth  or  for  a  sufficient  length  of  time  to  permit  of  the 
accumulation  of  coal  seams  such  as  were  formed  further  to  the 
west  and  south. 

Before  the  close  of  the  Des  Moines  age  there  was  an  upward 
oscillation  in  the  level  of  the  land  which  once  more  carried  our 
area  above  the  water,  and  it  never  again  suffered  inundation 
from  the  encroachments  of  the  sea.  From  this  time  to  the 
close  of  the  Paleozoic  era,  during  the  whole  of  the  Mesozoic,  and 
until  the  Pleistocene  period  of  the  Cenozoic  the  region  which 
now  embraces  Benton  county  belonged  to  the  domain  of  the 
land.  Then,  as  now,  the  indurated  sediments  slowly  softened 
beneath  the  influence  of  the  air  and  sun  and  showers,  and  after 
a  time  a  mantle  of  soil  covered  the  once  naked  ledges.  Plants 
flourished  for  long  ages  upon  this  ancient  surface.  Strange 
forms  of  animals  waged  here  a  watchful  warfare  for  existence. 
As  the  slow  moving  centuries  passed  away  steep  hills  and  deep 
ravines  appeared  where  once  the  level  coast  plain  stretched 
unbroken  to  the  far  horizon's  rim.  As  time  wore  on,  the  val- 
leys widened,  and  growing  tributaries  extended  the  basins  of 
their  major  streams  on  either  side.  Slowly  the  .contours  of  the 
hills  became  subdued,  the  slopes  gradually  faded  out  and  the 
surface  of  our  land  once  more  approached  a  plain,  the  pene- 
plain. With  an  upward  crustal  movement  the  agents  of  ero- 
sion began  their  task  afresh.  Again,  and  yet  again,  the  pro- 
cesses of  denudation  gradually  weakened,  only  to  be  quickened 
and  revived  as  often  as  a  recurring  elevation  of  the  land  started 
anew  the  cycle  of  erosion. 

Of  this  long  interval  there  remain  on  our  land  but  meager 
records.  There  is  left  scant  history  of  the  successive  oscilla- 
tions, or  of  the  great  depth  of  material  that  was  stripped  from 
the  surface.  It  is  certain,  however,  that  some  time  after  an 
upward  movement,  while  yet  the  channels  of  the  streams  were 
deep  below  the  level  of  the  uplands,  the  Glacial  epoch  of  the 
Pleistocene  period  was  ushered  in. 
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Pleistocene  System. 

In  the  Pleistocene  system  there  are  two  series,  the  Glacial 
and  the  Recent.  The  latter  series  includes  but  a  single  age, 
the  one  in  which  we  live.  It  embraces  all  of  the  time  since 
the  permanent  withdrawal  of  the  continental  glaciers  from  the 
north  temperate  latitudes  down  to  the  present.  Of  the  Glacial 
series  there  are  records  in  Benton  county  of  the  invasions  of 
three  successive  ice  sheets,  the  pre-Kansan,  the  Kansan  and  the 
lowan.  These  long  periods  of  cold  were  separated  by  very 
long  intervals  of  mild  climatic  conditions,  during  which 
streams  carved  and  furrowed  the  surface,  and  forms  of  life 
much  like  those  of  the  present  peopled  the  lands. 

PRE-KANSAN  STAGE. 

Pre-Kansan  drift — There  are  no  known  exposures  in  Benton 
county  where  the  drift  of  pre-Kansan  age  can  be  seen  at  the 
surface.  Its  presence  is  revealed  only  where  the  well  driller 
has  encountered  this  deposit  beneath  a  thick  mantle  of  Kansan 
till.  In  the  northeast  quarter  of  section  29  of  Iowa  township, 
a  well  put  down  a  few  years  ago  on  land  owned  by  Mr.  Tracy 
passed  through  the  following  succession  of  beds: 


4.  Pine-grained ,  yellow  colored  material 15 

3.  Bine  clay  containing  bowlders  and  gravel 210 

2.  Layer  of  gravel  and  sand •. 2 

1 .  Bed  of  blue  colored,  bowlder-bearing  clay 18 

In  this  record  number  4  is  the  loess  or  loess-alluvium  that 
forms  the  surface  material  near  the  margin  of  the  flood  plain 
along  this  portion  of  the  Iowa  river.  Number  3  is  a  deep 
bed  of  till  that  immediately  underlies  the  loess  over  the 
adjacent  portions  of  the  county.  It  represents  the  Kansan 
drift,  as  the  lowan  ice  did  not  move  over  this  particular  area. 
Number  2  is  a  layer  of  sand  and  gravel  of  Aftonian  age.  It 
was  probably  laid  down  along  the  channel  of  the  major  stream 
of  this  region  during  the  earliest  interglacial  period.  This 
member  is  the  water-bearing  stratum  which  is  the  source  of 
the  supply  of  water  for  the  artesian  wells  around  Belle  Plaine. 
At  some  points  this  porous   layer  is  much  thicker  than  is 
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indicated  in  the  section  given.  Many  of  the  wells  that  pass 
through  numbers  3  and  4  stop  in  this  water-bearing  bed  after 
penetrating  it  to  a  depth  of  twenty- five  to  fifty  feet. 

Number  1  of  the  section  represents  a  bed  of  pre-Kansan  drift 
underlying  the  layer  of  Aftonian  gravels.  The  work  of  this 
particular  drilling  was  discontinued  when  the  pre-Kansan 
deposit  was  penetrated  to  a  depth  of  eighteen  feet.  It  is  not 
known  what  the  entire  thickness  of  the  pre-Kansan  till  may  be 
at  this  place.  Since  a  flow  of  water  is  usually  found  in  the  second 
member  of  the  section,  few  of  the  wells  pass  into  this  older  bed  of 
bowlder  clay  that  underlies  it. 

The  pre-Kansan  till  is  not  universally  distributed  beneath 
the  Kansan  drift  of  Benton  county.  Numerous  wells  over  the 
region  pass  directly  into  the  indurated  rocks  from  the  Kansan 
materials  without  encountering  either  the  Aftonian  gravels  or 
the  pre-Kansan  till.  In  all  of  the  natural  rock  exposures  the 
Kansan  drift  immediately  overlies  the  ledges  of  Devonian  lime- 
stone. 

Mr.  6.  M.  Tharp,  a  veteran  well  driller  of  the  county,  is 
authority  for  the  statement  that  in  some  of  the  wells  of  Eden, 
Taylor  and  Leroy  townships  a  sheet  of  sand  and  gravel  contain- 
ing pebbles  of  foreign  origin  was  encountered  beneath  a  deep 
bed  of  bowlder-bearing  clay,  and  overlying  the  indurated  rocks. 
This  gravel  bed  is  doubtless  a  deposit  of  Aftonian  age,  and  the 
presence  in  it  of  foreign  pebbles  bears  witness  to  the  proximity, 
at  one  time,  of  an  earlier  bed  of  drift  from  which  they  were 
derived.  It  seems  probable  that  the  mantle  of  pre-Kansan  drift 
was  spread  quite  thinly  over  the  area,  and  that  during  the  long 
Aftonian  interglacial  interval  the  greater  portion  of  these 
materials  was  removed  by  erosion  prior  to  the  deposit  of  the 
much  thicker  bed  of  Kansan  till.  Isolated  patches  of  the  pre- 
Kansan  drift  were  preserved  only  where  they  were  in  some 
way  protected  from  the  general  denudation  that  wasted  the 
surface. 

From  a  record  of  the  numerous  wells  that  have  been  put 
down  in  the  southwestern  portion  of  Benton  county,  the  south- 
eastern portion  of  Tama,  and  the  northwestern  part  of  Iowa, 
Mr.  Mosnat*  has  shown  that  the  Aftonian   gravels,  and  the 

*Modnat:    Iowa  Oeol.  Sarv.,  Vol.  IX,  pp.  521-50?. 


KAN8AK  8TAOX.  208 

bed  of  pre-Kansan  drift  that  here  underlies  it,  occupy  a  deep 
preglacial  valley  which  has  an  average  width  of  nearly  wsix 
miles.  This  ancient  channel,  which  extends  in  a  direction  from 
the  northwest  towards  the  southeast,  has  been  traced  from  a  few 
miles  above  Vining,  in  Tama  county,  across  the  southwest 
corner  of  Benton,  and  as  far  south  as  the  town  of  Ladora,  in 
the  county  of  Iowa. 

An  interesting  fragment  of  geological  history  is  recorded  in 
this  buried  valley,  and  has  been  made  accessible  to  us  through 
the  numerous  well  borings  that  have  been  put  down  over  the 
region.  The  channel  was  excavated  in  the  shales  of  Kinder- 
hook  a^e.  For  so  long  a  time  did  the  preglacial  stream  follow 
this  course  that  its  waters  chiseled  a  channel  to  the  depth  of 
more  than  two  hundred  feet  and  expanded  its  flood  plain  to  a 
width  of  five  or  six  miles. 

When  the  pre-Kansan  ice  sheet  spread  over  the  state?  its 
mantle  of  materials  this  great  valley  was  not  completely  filled. 
Upon  the  withdrawal  of  the  ice  it  was  once  more  appropriatfid 
by  a  river  which  was  probably  the  master  stream  of  the  re^^ion, 
About  this  time,  too,  the  level  of  the  land  became  depressed  to 
such  an  extent  as  to  prevent  the  complete  removal  of  the  pre- 
Kansan  drift  from  the  bottom  of  the  preglacial  gorge.  Along 
the  course  of  this  Aftonian  river  were  deposited  the  beds  of 
sand  and  gravel  which  constitute  the  water  reservoir  for  th#? 
artesian  wells  of  this  portion  of  the  state.  When  the  Kansan 
glacier  moved  down  from  the  north  bearing  its  immense  load  of 
drift, this  broad  valley  was  completely  buried  and  every  trace  of 
its  existence  was  blotted  out.  Its  presence  was  never  suKj^ected 
until  the  exigencies  of  recent  years  caused  the  well  driller  to 
probe  into  its  secrets  in  search  of  water 


KANSAN  STAGE. 

K^ifisntf  drift.- i)l  all  the  ice  sheets  that  invaded  Iowa  the 
Kaosan  was  pre-eminently  the  carrier  of  glacial  debri>^.  ^>ver 
the  greater  portion  of  Benton  county  the  Kansan  drift  has  a 
thickness  of  from  seventy-five  to  three  hundred  feet,  Mr,  G, 
M-  Tharp,  of  Vinton,  who  has  probably  drilled  more  weJJ*^over 
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this  region  than  any  other  man,  has  furnished  the  following 
data  with  regard  to  the  depth  of  the  Kansan  till  in  different 
portions  of  the  area: 


LOCATION. 


8BC- 
TIOll 


TOWRBHIP. 


DEPTH. 


Near  west  side. 
Near  south  side 
Northwest  X*  •  • 
Southeast  U... 
Northwest  X. 

Northwest  }4... 
Northwest  X*  •  • 
Southwest  X-  •  • 
Northeast  X  •  • 
Southwest  X. . . 
Southeast  X... 


18 

6 

5 

19 

36 

26 

31 

11 

11 

2 

14 

19 


Cedar 

Eden 

Eden 

Eden 

Taylor 

Jackson . . . 
Bi)(  Grove.. 

Kane 

Eldorado . . 

Lcroy 

Leroy 

Iowa 


175 
180 
126 
200 
175 
215 
250 
300 
228 
214 
175 
172 


feet 
1 1 


1 « 
•  I 

<  I 
I  * 
I  < 
f  I 
I  * 

<  < 

<  1 


The  Kansan  drift  was  spread  over  the  surface  an  exceedingly 
long  time  ago;  so  long,  indeed,  that  the  erosion  of  the  streams 
has  changed  entirely  the  original  features  of  the  topography, 
and  the  dynamical  agencies  have  changed  very  profoundly  the 
chemical  and  physical  constituents  of  its  surface  materials.  In 
the  deeper  deposits  the  till  contains  an  abundance  of  lime,  and 
is  blue  or  bluish-gray  in  color.  The  clay  bears  a  large  number 
of  pebbles  of  trap  and  quartz,  together  with  abundant  small 
bowlders  of  granite  and  greenstone,  and  occasional  masses  of 
quartz  and  limestone.  The  surface  of  some  of  these  foreign 
rock  fragments  is  beautifully  glaciated  on  one  or  more  sides. 
At  the  top  where  the  material  has  been  long  exposed  to  the 
action  of  the  atmosphere,  and  to  the  influence  of  meteoric 
waters  and  decaying  organic  matter,  the  calcareous  constituent 
has  been  leached  downward  to  a  varying  depth  of  three  to  six 
feet.  Where  the  surface  is  broken  and  the  slopes  are  steep  an 
excess  of  organic  matter  is  not  permitted  to  accumulate  in  the 
soil.  Over  these  areas  the  iron  content  of  this  surface  drift, 
which  existed  originally  in  the  form  of  ferrous  carbonate,  has 
been  oxidized  to  the  ferric  oxide  condition.  In  this  process  the 
color  has  also  undergone  a  change  so  that  where  sections  are 
exposed  in  ravines  or  along  the  roadsides  the  top  of  the  drift  is 
a  deep  red  or  reddish-brown  color  due  to  the  anhydrous  hae- 
matite form  of  the  iron  which  it  contains.    This  ferretto  zone 
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grades  downward  to  a  yellow,  which  color  is  imparted  to  the  clay 
by  the  presence  of  the  hydrated  sesquioxide  of  iron  known  as 
limonite,  and  this,  in  turn,  passes  with  a  gradual  transition 
into  the  bluish-gray  of  the  unchanged  deeper  drift  material. 

Exposures  of  the  thoroughly  oxidized,  ferretto  zone  at  the 
surface  of  theKansan  drift  are  numerous  over  the  Kansan  area 
in  Leroy  and  Iowa  townships,  and  they  are  frequently  en- 
countered over  the  rougher  portions  of  the  region  later  covered 
by  the  lowan  ice  sheet.  Wherever  the  Kansan  drift  appears 
in  the  county  its  surface  is  profoundly  eroded,  and  it  is  usually 
overlain  by  a  more  recent  deposit  of  loess. 

Buchanan  gravels. — Beds  of  moderately  fine  gravel  occur  at 
several  points  in  Benton  county,  overlying  the  Kansan  drift. 
This  terrane  is  usually  concealed  beneath  a  deposit  of  fine- 
grained soil.  In  section  14  of  Benton  township  a  gravel  deposit 
three  and  one-half  feet  in  depth  outcrops  in  the  bank  of  a 
stream  for  a  distance  of  several  rods.  Another  bed  of  this 
water-laid  material  is  exposed  near  the  middle  of  section  19  of 
Canton  township,  in  the  south  bank  of  Wild  Cat  creek.  At  the 
latter  place  the  deposit  has  a  maximum  thickness  of  twelve 
feet  and  can  be  seen  continuously  for  more  than  a  dozen  rod«. 
A  few  miles  further  east,  on  Bear  creek,  a  bed  of  gravel  appears 
a  short  distance  west  of  Mr.  Shannon's  brick  and  tile  manufact- 
uring plant,  at  Shellsburg.  This  latter  is  probably  the  con- 
tinuation of  the  deposit  that  is  encountered  along  Wild  Cat 
creek  in  section  19.  Such  beds  are  also  exposed  in  section  33 
of  Taylor  township,  and  section  35  of  Eldorado. 

An  area  of  several  square  miles  in  the  southern  portion  of 
Florence  township  is  covered  with  this  coarse  material.  Near 
the  southwest  corner  of  section  32  a  pit  three  and  one-half  feet 
in  depth  has  been  opened  on  the  north  side  of  the  wagon  road. 
The  presence  of  a  gravel  train  is  revealed  in  the  banks  of  the 
most  of  the  streams  in  this  portion  of  the  township.  West  of 
the  station  of  Walford  this  deposit  has  been  utilized  in  the 
improvement  of  the  public  roads.  In  Saint  Clair  township, 
also,  a  bed  of  gravel  four  feet  in  thickness  has  been  worked 
near  the  southwest  corner  of  section  10. 
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The  gravels  that  appear  in  all  of  the  known  exposures  of  the 
county  belong  to  what  Professor  Calvin  has  designated  as  the 
valley  phase  of  this  formation.  They  consist  of  coarse  sand 
and  small  water- worn  pebbles,  the  latter  seldom  exceeding  one 
and  one-half  inches  in  long  diameter.  Bowlders  do  not  occur 
in  these  deposits.  There  is  only  a  small  amount  of  iron  pres- 
ent, and  a  rusty  color  is  not  generally  imparted  to  the  beds. 
The  materials  of  these  gravel  trains  were  derived  from  glacier- 
borne  debris,  and  they  came  to  rest  along  the  courses  of  swollen 
streams  whose  waters  were  liberated  by  the  rapid  melting  of 
the  Kansan  ice. 

Professor  Calvin*  has  shown  that  this  lowland  phase  of  the 
Buchanan  gravels  was  deposited  after  the  glacier  had  with- 
drawn from  the  valleys,  and  when  the  ice  margin  had  retreated 
some  distance  to  the  northward:  that  they  were  laid  down  as 
broad  glacio-fluvial  aprons  after  the  streams  had  emerged  from 
the  ice  bordered  canyons  and  had  spread  widely  over  the  lower 
lands.  For  this  reason  their  currents  had  lost  much  of  their 
original  violence,  and  the  waters  were  now  carrying  and  de- 
positing only  the  finer  portions  of  the  debris  with  which  they 
were  loaded  when  they  started  with  impetuous  haste  from  their 
source  on  the  shrinking  glacier. 

10 WAN  STAGS. 

lowan  drift — The  portion  of  Benton  county  that  was  over- 
flowed by  the  lowan  ice  has  been  outlined  under  the  discussion 
of  topography.  This  ice  sheet  left  but  a  scant  covering  of  the 
finer  detritus  over  the  region  that  it  invaded.  The  large 
bowlders  which  it  carried  are  widely  distributed,  but  the  proper 
drift  of  this  age  can  be  seen  at  but  few  points  over  the  area. 
Near  the  middle  of  the  west  side  of  section  27  of  Taylor  town- 
ship the  following  succession  of'^deposits  is  exposed  in  the  east 
bank  of  Mud  creek. 


*  Calvin:  lowaGeoL  Sarv.,  Vol.  XIII.  p.  08. 
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3.    Fine-grained,  yellow  colored  clay,  containing  no 

gravel 3i 

2.    Bed  of  yellow  drift,  containing  pebbles  and  small 

granite  bowlders 10 

1.  Drift  deposit  which  is  blue  at  the  bottom, 
changing  to  a  yellow  color  higher  up,  and  at 
the  very  top  it  is  a  deep  red.  This  bed  carries 
numerous  pebbles  and  small  bowlders  of  dark 
colored  trap 8 

Number  1  of  the  above  section  represents  Kansan  drift,  the 
upper  part  of  which  presents  the  typical  f  erretto  character.  The 
contained  greenstone  pebbles  and  bowlders  are  characteristic 
of  this  ancient  till.  Number  2  is  a  deposit  of  lowan  drift.  It 
is  of  a  uniformly  yellow  color  throughout.  Its  superficial  por- 
tion is  unleached  of  its  calcareous  matter,  and  its  iron  content 
is  not  more  oxidized  in  one  portion  than  another.  The  bed  is 
here  much  thicker  than  is  usual  for  this  till.  The  preglacial 
channel  of  Mud  creek  at  this  point  was  not  completely  filled 
with  the  Kansan  materials,  and  an  exceptionally  deep  deposit 
of  the  later  drift  was  lodged  in  the  depression.  Number  3  is 
a  bed  of  loess.  This  material  does  not  usually  overlie  drift  of 
lowan  age,  except  over  the  rougher  portions  of  the  lowan  plain. 
The  banks  which  border  Mud  creek  are  crowned  with  loess  to 
a  depth  of  two  to  four  feet,  and  at  this  place  the  loess  appears 
to  have  slid  down  from  higher  up  on  the  hill. 

Over  the  general  surface  of  the  lowan  plain  typical  drift  of 
lowan  age  is  seldom  encountered.  It  is  concealed  beneath  a 
true  soil  of  pebbleless  material  which  is  black  from  its  con- 
tained carbonaceous  matter.  Even  on  the  gentle  slopes  fine- 
grained, yellow  colored  clay,  without  pebbles,  covers  the  super- 
ficial drift.  Where  the  slopes  are  steeper  the  till  that  is 
exposed  by  erosioa  is  usually  the  oxidized  phase  of  the  Kansan. 
Along  the  wagon  road,  between  sections  17  and  20  of  Saint 
Clair  township,  a  yeHow,  pebble-bearing  clay  resembling  lowan 
drift  was  thrown  out  where  recent  holes  were  dug  for  telephone 
poles.  Large  bowlders  of  granite,  gray  or  pink  in  color,  are 
spread  more  or  less  frequently  over  the  lowan  surface.  In  sec- 
tions 14  and  15  of  Benton  township  they  are  so  numerous  over 
some  of  the  fields  as  to  prove  serious  obstacles  to  tillage.    Mr 
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Harger  has  used  these  rock  masses  in  the  foundation  of  his 
bouse  and  barn,  aud  has  built  a  thick  wall  of  bowlders  as  a 
back  to  his  large  stock  shed.  A  large  proportioD  of  these  are 
of  pink  or  gray  granite.  There  are  a  few  microcrystalJine, 
dark  colored  greeustones,  aud  less  frequently  a  bowlder  of 
quartzite. 

Notwithstanding  the  fact  that  the  lowan  drift  appears  at  the 
surface  in  but  few  places  in  the  county,  it  can  be  shown  that 
the  ice  of  this  age  covered  almost  the  entire  area.  The  limits 
of  its  distribution  can  be  determined  by  the  bordering  moraine; 


by  the  level  or  subdaed  topography;  by  the  choked  condition 
of  the  stream  channels;  by  the  presence  of  frequent,  large 
bowlders  of  granite;  by  the  general  absence  of  deep  beds  of 
loess,  and,  especially,  by  the  cumulative  evidence  of  a  number 
of  the  above  features  which  are  usually  encountered  over  the 
same  area. 

lowan  loess.— The  distribution  of  the  loess  in  Benton  county 
is  consistent  with  the  deposits  of  this  material  in  the  neighbor- 
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ing  counties  of  Tama  and  Johnson.  The  thicker  beds  overlie 
Kansan  drift  and  are  found  adjacent  to  the  border  of  the  lowan 
plain.  Loess  forms  the  surface  materials  over  all  of  the  Kansan 
area,  and  mantles  the  summits  and  the  slopes  ov^r  the  more 
hilly  portions  of  the  lowan.  The  material  is  easily  friable,  uni- 
formly fine-grained,  and  is  yellow  in  color.  It  contains  an  ap- 
preciable amount  of  lime  carbonate,  and  possesses  such  tenacity 
that  the  banks  of  streams,  where  composed  of  this  substance, 
stand  for  a  long  time  with  almost  vertical  walls.  The  deeper 
deposits  show  no  weU  marked  evidences  of  stratification,  such 
as  characterize  sediments  laid  down  by  water.  These  beds  often 
contain  in  abundance  shells  of  air-breathing  gastropods,  which 
are  indiscriminately  distributed  throughout  their  entire  depth. 
The  loess  was  laid  down  upon  the  very  ancient  Kansan  surface 
which  had  suffered  practically  as  much  erosion,  leaching  and 
oxidation  before  the  mantle  of  loess  was  spread  over  it  as  it 
shows  today.  This  deposit  does  not  tend  to  level  up  the  in- 
equalities of  the  surface,  but  forms  a  veneer  alike  over  the  sum- 
mits, slopes  and  lowlands.  Often  the  beds  are  even  thicker  on 
the  crests  of  the  ridges  and  the  higher  portions  of  the  hills. 

When  the  lowan  glacier  was  at  its  maximum  the  ice  was 
thinner  over  the  higher  areas.  As  a  consequence  these  promi- 
nences were  bared  earliest  as  the  ice  melted.  As  soon  as  the 
hills  were  uncovered,  and  while  the  ice  still  lingered  over  the 
surrounding  lowlands,  the  higher  points  would  receive  a  thin 
deposit  of  this  fine-grained  material  in  a  manner  similar  to  that 
of  the  hills  bordering  the  lowan  plain.  In  this  way  it  seems 
possible  to  explain  the  presence  of  loess  over  the  more  broken 
portions  of  the  lowan  drift  surface.  Professor  Calvin*  has 
shown  that  the  loess  materials  of  eastern  Iowa  were  largely  de- 
rived from  the  finer  constituents  of  the  lowan  drift.  They  are 
probably  in  the  nature  of  glacio-aeolian  deposits  with  possibly, 
contiguous  to  the  lowan  margin,  some  overwash  of  the  finer 
materials  as  the  ice  melted.  They  were  probably  laid  down 
during  the  time  of  the  greatest  advance,  and  immediately  suc- 
ceeding the  withdrawal,  of  the  lowan  glacier.  It  is  worthy  of 
note  that  the  loess  of  Benton  county  is  not  stratified.    It  con- 
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forms  to  prior  inequalities,  and  does  not  tend  to  level  up  the 
surface.  The  contained  fossils  are  those  of  air-breathing, 
terrestrial  forms,  and.  the  shells,  though  exceedingly  fragile,  are 
unbroken. 


Post-glacial  or  Recent  Deposits. 

ALLUVIUM. 

Deposits  of  superficial  materials  later  than  those  of  the 
Glacial  series  occur  at  various  points  in  Benton  county.  Over 
the  broad  flood  plains  of  the  Iowa  river  and  the  larger  of  its 
tributaries  there  is  a  mantle  of  alluvium  that  was  laid  down 
during  the  Recent  age.  Along  a  portion  of  the  channel  of  the 
Cedar  river  and  the  lower  courses  of  its  principal  branches  rich, 
fluvial  sediments  have  also  been  spread  over  the  level  bottoms. 
These  deposits  are  usually  dark  in  color,  and  rich  in  carbon- 
bearing  and  nitrogenous  compounds  which  have  been  con- 
tributed by  the  imperfect  decay  of  successive  generations  of  the 
rank,  semi-aquatic  vegetation  that  flourished  over  the  fertile 
lowlands.  During  times  of  overflow  the  stems  and  leaves  of 
such  plants  were  effective  agents  in  entrapping  the  suspended 
sediments.  Each  inundation  added  a  thin  increment  to  the 
surface  of  the  deposit,  and  each  season's  growth  yielded  an  in- 
creased store  of  plant  food  for  the  crops  of  succeeding  yesurs. 
In  this  manner  has  been  developed  the  extreme  fertility  of  the 
alluvial  deposits. 

CUMULOSE    DEPOSITS. 

When  the  lowan  ice  sheet  retreated  to  the  northward  it  left 
a  somewhat  uneven  surface,  the  depressions  over  which  became 
occupied  by  lakes.  Many  of  these  glacial  lake  basins  are 
represented  at  present  by  swampy  or  marshy  tracts.  The 
transformation  from  lake  to  swamp  and,  in  some  cases,  from 
swamp  to  fruitful  field  has  been  accomplished  since  the  retreat 
of  the  glaciers.  As  the  wind  swept  the  land  surface  year  after 
year  a  portion  of  the  fine  detritus  that  it  gathered  came  to  rest 
on  the  water  of  the  lakes,  and  slowly  sank  to  the  bottom.     With 
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every  freshet  each  streamlet  that  trickled  down  from  the  en- 
circling swells  carried  a  tiny  load  of  silt.  These  lakes  were 
also  shallowed  as  water  lilies  and  other  aquatic  forms  estab- 
lished themselves  in  the  pools,  and  pond-loving  plants  en- 
croached upon  the  shores.  These  all,  at  death,  gave  up  their 
substance  to  swell  the  accumulations  which,  through  the  cen- 
turies, have  filled  up,  and  banished  the  water  from  the  most  of 
the  lake  basins.  Such  deposits  of  humus  or  swampy  soils,  con- 
taining a  very  high  percentage  of  organic  matter,  are  frequently 
encountered  over  the  surface  of  the  lowan  drift  plain. 

AEOLIAN  DEPOSITS. 

The  more  typical  examples  of  aeolian  deposits  in  Benton 
county  are  the  beds  of  sand  and  mantle  of  loess  that  occur  over 
the  rougher  portions  of  the  area.  It  is  probable  that  the  most  of 
these  materials  were  laid  down  during  the  time  of  maximum 
extension  of  the  lowan  ice  sheet.  It  seems  altogether  probable, 
too,  that  a  large  amount  of  these  materials  have  been  shifted 
and  redistributed,  and  the  entire  aggregate  appreciably  aug- 
mented during  the  Recent  age.  A  considerable  amount  of  the 
inorganic  ingredients  of  the  soils  has  been  carried  and  deposited 
by  the  wind  since  the  close  of  the  Glacial  epoch,  and  even  now 
the  process  of  soil  formation  is  going  on. 


Soils. 

Soils  are  composed  of  comminuted  and  more  or  less  decom- 
posed fragments  of  rock  material  with  which  is  mingled 
organic  matter  from  plant  and  animal  decay.  The  fertility  or 
productive  power  of  soil  is  dependent  upon  both  its  chemical 
composition  and  its  physical  condition.  The  chemical  composi- 
tion of  any  soil,  aside  from  its  humus,  is  largely  determined  by 
the  character  of  the  rocks  from  which  it  was  derived,  and  by 
the  amount  of  washing,  leaching  and  oxidation  to  which  it  has 
since  been  subjected.  The  desirable  physical  condition  of  any 
soil  can  be  largely  controlled  by  the  continued  practice  of 
appropriate  tillage.  Where  nature's  methods  are  not  inter- 
fered with,  each  season's  growth  of  vegetation  returns  to  the 
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soil,  with  interest,  the  food  compounds  that  were  extracted  in 
its  production.  When  man  steps  in  and  harvests  the  crop  he 
robs  the  land  of  nature's  annuity  and  the  soil  deteriorates, 
unless  intelligent  modes  of  tillage  are  employed. 

The  inorganic  ingredients  of  the  soils  of  Benton  county  have 
all  been  transported  either  by  wind,  water  or  ice.  None  of  the 
soils  are  residual.  There  are  present  in  the  area  five  more  or 
less  distinct  soil  types:  loess,  lowan  drift,  swamp,  sand,  and 
alluvium.  In  many  places  these  types  grade  one  into  another 
and  not  infrequently  the  soil  at  a  particular  point  is  a  mixture 
of  the  materials  which  characterize  two  or  more  of  the  above 
divisions.  These  different  types  of  soil  are  due  largely  to  the 
difference  in  the  materials  which  form  the  subsoil  or  base  upon 
which  each  has  been  developed. 

1.  Loess  soil. — Loess  soil  occurs  over  all  of  the  Kansan  drift 
portion  of  the  county.  This  area  is  so  hilly  that  little  humus 
has  been  permitted  to  accumulate  in  the  superficial  material  of 
the  slopes.  As  a  consequence  the  loess  soil  is  a  yellow  clay. 
The  color  here,  like  that  of  most  yellow  soils,  is  due  to  the 
presence  of  the  hydrous  sesquioxide  of  iron.  The  loess  is  fine- 
grained in  texture  yet  the  particles  are  suflBciently  large  to 
permit  the  ready  passage  of  water,  and  to  render  the  soil  light, 
and  tillage  easy.  At  the  same  time  the  soil  particles  are  so 
small  that  moisture  is  readily  brought  upward  from  below  by 
capillary  action.  This  soil  is  rich  in  lime  which  mineral  Hil- 
gard*  considers  more  effective  than  any  other  in  controlling 
soil  fertility  and  in  making  it  loose  and  porous,  thus  permitting 
good  ventilation  and  favoring  the  thorough  and  uniform  pene- 
tration of  the  rootlets  of  plants. 

Over  level  areas  the  loess  soil  is  durable  and  very  productive. 
Where  the  surface  is  broken  the  constant  rain-wash  prevents 
the  development  of  organic  matter  in  the  soil,  and  rapidly 
leaches  away  necessary  constituents  of  plant  food.  Where 
such  areas  are  cultivated  the  disastrous  washing  of  stream 
erosion,  in  addition  to  the  strong  leaching,  speedily  wastes 
what  fertility  the  soil  once  possessed.    See  figure  14.    Such 
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devastated  fields  yield  scant  returns  for  the  labor  expended  in 
the  efFort  to  produce  a  crop.  When  the  original  soil  mantle 
has  never  been  disturbed  the  slopes  support  an  excellent  growth 
of  native  blue  grass  which,  when  pastured,  improves  with  the 


2.  Drift  30i7.— The  typical  lowan  drift  soils  are  found  over 
the  most  of  the  prairie  portions  of  the  lowan  plain.  They  are 
a  deep,  rich  loam,  containing  grains  of.  rock-meal  sufficiently 
large  to  make  the  soil  light  and  warm,  and  to  prevent  puddling 
during  seasons  of  excessive  rainfall.  The  color  is  almost  black 
on  account  of  the  wealth  of  carbonaceous  matter  that  it  con- 


Fio.  14.  Sam*  ramltt  of  dUxtroiu  raln-WBih  o(  thaland.  Vlaw  looking  doiTD  the  Oadmr 
rivar  tn  saotloD  10  o(  Beoton  tomuhlp ;  ihowlag  (ha  Mnd  ban  and  wUlow-grown  mod- 
lUM  In,  and  bordering,  the  ahannel  of  the  itver. 

tains.  lowan  drift  is  typically  yellow  in  color.  It  is  possible 
that  the  abundance  of  vegetable  matter  in  process  of  slow 
decay  in  these  black  soils  has  resulted  in  changing  the  form  of 
a  part  of  their  iron  content  from  the  original  condition  of 
hydrous  ferric  oxide  to  the  form  of  ferrous  carbonate.    When 
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in  the  form  of  carbonate  the  wealth  of  organic  matter  in  the 
soil  would  prevent  the  oxidation  of  its  iron  constituent.  All 
of  the  desirable  qualities  that  are  imparted  to  soils  by  the  pres- 
ence of  lime  are  possessed  by  those  of  the  lowan  drift.  The 
surface  of  these  favored  areas  is  level,  or  gently  undulating,  so 
that  the  slopes  are  not  rapidly  leached,  nor  are  they  impover- 
ished by  the  washing  effects  of  rain  storms. 

The  finer  material  of  the  drift  soils  consist  of  "rock-flour'' 
and  *'rock-raeal,"  which  have  been  derived  from  the  grinding 
up  of  the  rocks  carried  in  the  ground  moraine,  and  of  those  at 
the  surface  of  the  ledges  over  which  the  glacier  moved.  By 
this  mode  of  origin  even  the  finest  of  the  mineral  constituents 
have  not  suffered  complete  oxidation  and  decay,  as  have  those 
of  sedentary  soils  which  have  resulted  from  the  degeneration 
of  rocks  in  situ.  Chemical  changes  are  at  present  taking  place 
in  the  particles  of  this  recent  soil  through  the  agency  of  air 
and  water  and  organic  matter.  In  this  process  soluble  com- 
pounds suitable  for  plant  food  are  constantly  being  liberated. 
This  constant  increase  in  the  mineral  elements  available  for 
plant  food,  the  wealth  of  organic  matter  which  they  possess,  and 
their  texture  which  favors  the  conservation  of  moisture,  all 
contribute  to  render  the  soils  of  the  Towan  drift  exceedingly 
fertile,  and  almost  inexhaustible. 

3.  Swamp  soil, — Isolated  areas  of  swamp  soil  are  quite  fre- 
quent over  the  lowan  plain.  They  represent  the  partially  filled 
basins  of  glacial  lakes.  Many  of  these  marshes  are  still  so 
poorly  drained  that  water  stands  over  them  during  long  con- 
tinued rains.  The  characteristic  component  of  these  soils  is  the 
black,  mucky  material  with  which  is  mixed  a  small  percentage  of 
mineral  matter.  These  soils  are  sour  and  cold.  When  culti- 
vated the  application  of  lime  *  would  be  beneficial  in  overcom- 
ing the  acidity  and  making  the  soil  more  porous.  Such  soils 
are  wanting  in  ventilation.  Almost  their  only  means  of  aera- 
tion is  where  crayfish  have  excavated  their  wells  and  under- 
ground channels.  It  is  estimated  f  that  40  to  50  per  cent  of 
the  full  water  capacity  of  soils  must  be  drained  away  before 
good  yields  of  cultivated  plants  can  be  secured.     When  these 

*  Roberts:    The  Fertility  of  the  Land,  pp.  907-814. 
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areas  have  been  thoroughly  und'erdrained,  and  the  soil  has 
been  stirred  deeply  for  a  sufficient  length  of  time  for  the  air  to 
accomplish  the  more  perfect  decay  of  their  organic  matter, 
these  soils  become  loose  and  light,  and  rank  second  to  none  in 
productiveness. 

4.  Sandy  soil. — A  small  amount  of  sand  mingled  with  a  large 
percentage  of  materials  of  finer  texture  forms  light,  loamy 
soils  of  the  highest  quality.  Where  the  percentage  of  the  in- 
gredients is  reversed  there  results  a  sandy  soil  which,  unless 
supplied  with  an  abundance  of  water,  is  comparatively  unfruit- 
ful. Areas  of  sandy  soil  are  common  in  the  western  portion  of 
Harrison  township,  the  southern  part  of  Polk,  and  over  portions 
of  Benton  and  Taylor.  Such  soils  are  light  and  open.  They  permit 
rapid  leaching.  Even  over  the  more  level  areas  they  contain 
little  humus.  They  are  usually  poor  in  organic  matter  and 
deficient  in  soluble  mineral  compounds  essential  for  the  food 
of  plants.  They  are  so  porous  that  their  power  to  retain  mois- 
ture is  small.  Their  interstitial  spaces  are  so  large  that  water 
is  not  readily  brought  upward  by  capillary  action  when  evapo- 
ration from  the  surface  is  rapid.  These  sandy  soils  are,  when 
cultivated,  the  most  barren  and  infertile  of  any  of  the  soils  of 
the  county.    It  is  fortunate  that  their  aggregate  area  is  small. 

5.  Alluvial  soil, — The  alluvial  soils  of  Benton  county  are 
usually  a  rich  loam  whose  mineral  constituents  have  been 
derived  from  the  uplands  and  spread  out  over  the  level  areas  of 
flood  plain.  Such  soils  usually  contain  a  wealth  of  organic 
matter  which  imparts  to  them  a  dark,  almost  black  color. 
They  are  warm  and  mellow,  never  becoming  baked  or  water- 
clogged  after  excessive  rains.  They  are  usually  underdrained 
by  porous  beds  of  water-laid  sand.  There  is  generally  present 
a  sufficient  amount  of  fine-grained  clay  to  impart  to  these  soils 
a  good  capacity  to  retain  water  and  to  furnish  efficient  capillary 
action  during  periods  of  drought.  The  successive  deposits  of 
the  streams  have  supplied  these  alluvial  soils  with  all  of  the 
fresh  mineral  compounds  with  which  the  drift  of  the  uplands  is 
so  richly  endowed.  All  of  the  necessary  elements  of  plant  food 
are  abundant  and  in  such  soluble  form  as  can  be  readily  utilized 
by  the  growing  crops.    Where  these  areas  are  not  subject  to 
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overflow  the  alluvial  soils  respond  most  generously  to  tillage; 
they  are  the  most  uniformly  warm  and  mellow,  the  most  fertile 
and  highly  productive  of  any  of  the  soils  in  the  county. 


Unconformities. 

The  contact  between  tde  Coggan  beds  and  the  Fayette  brec- 
cia is  exposed  for  only  a  short  distance  in  the  county,  but 
where  it  can  be  seen  the  transition  is  abrupt.  From  what  is 
known  of  the  relation  between  the  rocks  of  these  two  hori- 
zons further  east,  there  seems  to  be  no  doubt  that  the  deposits 
of  the  Fayette  sub-stage  rest  unconformably  upon  those  of  the 
Coggan.  Between  the  rocks  of  the  Wapsipinicon  and  the 
Cedar  Valley  stages  there  is  no  distinct  line  of  separation,  and 
no  indication  of  unconformity. 

The  earliest  sheet  of  drift  was  spread  over  the  preglacial 
surface  of  indurated  rocks  after  an  enormous  interval  of  ero- 
sion. In  no  case  is  there  conformity  between  the  deposits  of 
the  successive  ice  invasions,  and  in  every  instance  there  is  con- 
spicuous unconformity  between  the  loess  and  the  drift  over 
which  it  lies. 


Deformations. 

In  the  strata  of  Benton  county  there  are  encountered  a  few 
slight  flexures  but  no  very  conspicuous  deformations.  The 
most  marked  example  occurs  where  the  Coggan  beds  are  ex- 
posed along  the  bank  of  the  Cedar  river  with  a  depth  of  fifty- 
five  feet  of  the  Fayette  breccia  overlying  them.  About  two 
miles  south  of  this  place  the  rocks  of  the  Spirifer  pennatus  beds 
outcrop  on  the  opposite  side  of  the  valley  only  a  few  feet  above 
the  flood  plain  of  the  river.  Between  these  two  points  there 
is  indicated  for  the  beds  of  6^/r(/(?/-2^6nna<ws  a  difference  in  alti- 
tude of  more  than  fifty  feet.  Near  the  Benton-Linn  county 
line  a  narrow  lobe  of  limestone,  embracing  the  Spiri/er  pen- 
natus  beds,  extends  into  the  flood  plain  of  the  Cedar  river,  the 
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strata  here  form  ed  arch  on  either  side  of  which  the  layers 
slope  downwards  at  an  angle  of  about  45  degrees.  See  figure  15. 
At  the  Cedar  River  exposure  the  layers  of  Cedar  Valley  lime- 
stone have  a  conspicuous  dip  towards  the  south.  A  few  rods 
north  of  this  bluff,  just  across  a  ravine,  is  Long's  quarry  where 
the  dip  is  in  the  opposite  direction.  The  intervening  stream 
occupies  the  axis  of  a  gentle  anticline,  on  either  side  of  which 
the  strata  slope  away  at  the  rate  of  about  twelve  inches  in  a 
distance  of  forty  feet. 


Fio.  U  Hogback  jntt In g  Into  the  tbUb;  at  the  Cedar  TlTer  Dear  the  Benton-LiDD 
oonntj  bonier.  The  itrete  betong  (othe  Spiri/ir  pennalut  horlsoD,  and  thelnoll- 
uatioB  at  (be  laj'en  Is  eboat  U  defreea. 

At  John  Tripp's  quarry  the  layers  are  inclined  towards  the 
south  even  more  strongly  than  at  either  of  the  above  mentioned 
exposures.  At  McKinley'a  quarry  also  the  rocks  do  not  lie  in 
a  perfectly  horizontal  position.  The  slight  inclination  of  the 
layers  at  some  of  the  above  points  may  be  due  to  inequalities 
of  deposition,  owing  to  the  unevenness  of  the  sea  floor  upon 
which  the  sediments  were  spread. 
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EOOirOMIO  PBODTJOTS. 
Building  Stones. 

Coggan  beds. — The  exposures  of  Coggan  limestone,  in  section 
36  of  Cedar  township  and  section  6  of  Taylor,  furnish  the  best 
quality  of  building  stone  found  in  the  county.  The  rock  is 
yellow,  very  hard,  fine-grained  and  strongly  magnesian.  The 
ledge  outcrops  almost  continuously  at  the  base  of  a  bluff  for  a 
distance  of  nearly  one  mile.  At  the  west  end  of  this  exposure 
Mr.  Wallace  operates  a  quarry  in  the  Coggan  layers.  One-half 
mile  further  east  Mr.  Kearns  has  worked  in  the  same  ledge,  and 
still  further  eastward,  along  the  Cedar  river,  Aungst  Brothers 
have  taken  out  a  large  quantity  of  stone.  The  one  serious  dis- 
advantage that  attends  the  getting  out  of  this  stone  is  the  fact 
that  it  is  overlain  by  several  feet  of  thoroughly  brecciated 
deposits  of  the  Fayette  sub-stage.  The  great  expense  of  strip- 
ping, and  the  lack  of  shipping  facilities  limit  the  output  of  these 
quarries  to  the  local  demand. 

Fayette  breccia, — At  several  points  near  Vinton  quarries  have 
been  operated  in  the  layers  near  the  upper  part  of  the  Fayette 
sub-stage.  The  old  Bliss  quarry,  which  formerly  furnished  the 
mineral  used  by  the  Iowa  Paint  Company  in  the  manufacture 
of  paint,  was  worked  in  the  horizon  of  the  Spirifer  pennatus 
beds.  The  lower  layers  worked  at  the  Quinn  quarry  lie  in  the 
same  zone.  The  Rosenberger  quarry  stone  is  also  furnished  by 
these  fractured  beds  At  the  Pettit  quarry,  stone  is  taken  from 
both  the  Gyroceras  horizon  and  that  of  Spirifer  pennatus.  As 
a  general  thing  the  rocks  in  the  above  zones  are  badly  shat- 
tered. The  stone  that  they  furnish  is  in  rough,  irregular 
blocks,  suitable  only  for  rubble  and  for  rough  masonry.  The 
deposits  of  the  Fayette  breccia  furnish  a  suitable  grade  of 
material  for  making  concrete  and  macadam,  and  for  general 
road  building. 

Cedar  Valley  limestones. — A  large  percentage  of  the  stone 
quarried  in  the  county  comes  from  the  layers  of  the  Cedar 
Valley  stage.  In  the  vicinity  of  Shellsburg  there  are  worked 
beds  which  lie  between  the  Acervularia  davidsoni  and  the  Acer- 
vularia  profunda  horizons.    These  layers  furnish  a  grade  of 
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stone  that  can  be  used  in  cellar  walls  and  foundations  for  com- 
mon buildings.  The  local  demand  of  the  region,  in  and 
adjacent  to  the  town,  is  supplied  from  these  beds. 

In  the  northern  portion  of  the  county  the  best  quarries  are 
operated  in  the  magnesian  layers  which  overlie  the  zone  of  the 
very  large,  coarsely-striated  type  of  Atrypa  reticularis.  Long's 
quarry  and  Reiser's  quarry,  on  the  Cedar  river,  furnish  the 
most  of  the  stone  from  this  horizon.  The  quality  of  the  output 
at  these  quarries  is  excellent.  Blocks  with  parallel  faces  are 
taken  out  in  almost  any  dimensions  desired.  The  stone  is  easily 
shaped  and  is  very  serviceable  for  all  kinds  of  common  range 
work.  Where  the  undisturbed  ledges  have  been  exposed  to  the 
air  for  a  long  period  they  show  a  good  degree  of  resistance  to 
weathering.  This  fact  would  furnish  the  very  best  evidence  of 
the  powers  of  endurance  of  the  stone  when  laid  in  a  wall.  The 
most  of  the  stone  used  in  the  piers  of  the  Mount  Auburn- 
Brandon  bridge  across  the  Cedar  river  came  from  these  layers. 

Near  the  town  of  Garrison  the  rocks  that  have  been  worked 
embrace  the  Stromatopora  horizon  and  about  twenty  feet  of 
the  layers  which  normally  underlie  those  beds.  The  hard, 
fine-grained  layers  of  white  limestone  vary  from  one  to  three 
feet  in  thickness.  They  are  not  so  easily  worked  as  are  the 
magnesian  layers  lower  down,  but  for  a  nearly  pure  limerock, 
they  furnish  material  of  a  durable  quality. 

Rock  exposures  are  so  v^idely  distributed  over  the  north  half 
of  the  county  that  stone  for  general  purposes  is  readily  acces- 
sible from  every  point.  At  none  of  the  quarries  is  the  equip- 
ment expensive.  None  of  them  supplies  a  demand  larger  than 
that  of  the  local  territory.  At  no  single  place  is  there  a  very 
large  quantity  of  stone  produced,  but  the  total  output  from  all 
of  the  quarries  would  aggregate  an  important  sum. 


Lime. 

Lime  is  at  present  manufactured  at  but  one  point  in  the 
county.  The  stone  used  for  this  purpose  comes  from  the  Coggan 
beds  in  Taylor  township.  This  material  is  suflBciently  dolo- 
mitic  to  make  a  very  excellent  quality  of  lime.    For  several 
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years  Aungst  Brothers  have  annually  burned  a  kiln,  with  a 
capacity  of  seven  or  eight  thousand  bushels,  to  supply  the  local 
market.  The  more  strongly  magnesian  layers  at  Long's  or 
Reiser's  quarry  would  furnish  suitable  stone  for  lime  burning. 
Some  years  ago  Mr.  Long  was  accustomed  to  burn  an  occa- 
sional kiln,  but  of  late  he  has  abandoned  lime  production. 

At  various  places  in  the  state,  stone  which  corresponds  with 
the  white  limestone  layers  of  the  quarry  near  Garrison  has 
been  used  in  the  manufacture  of  lime.  The  superior  quality  of 
the  product  made  from  dolomite  has  caused  the  burning  of  the 
more  pure  calcium  carbonate  to  be  discontinued.  Lime  is  at 
present  manufactured  on  a  large  scale  at  exceptionally  favora- 
ble points  in  eastern  Iowa.  The  excellent  transportation 
facilities,  together  with  the  good  keeping  qualities  of  dolomite 
lime,  make  it  possible  for  the  large  concerns  to  supply  the 
markets  of  the  state  more  cheaply  than  lime  can  be  buroed 
locally  in  small  kilns. 

Boad  Materials. 

Materials  suitable  for  permanent  road  building  are  abundant, 
and  fortunately  located,  over  the  county.  The  numerous  rock 
exposures  in  the  townships  of  Cedar,  Harrison,  Polk,  Benton, 
Taylor,  Jackson  and  Canton  would  furnish  an  unlimited  supply 
of  stone  which,  when  crushed,  would  make  an  excellent  mac- 
adam. These  outcrops  are  so  readily  accessible  from  all  portions 
of  the  area  that  no  long  hauls  would  be  required  to  cover  all 
of  the  main  lines  of  travel  with  this  material.  Along  the  north 
bank  of  Pratt  creek,  in  Cedar  township,  the  thoroughly  brec- 
ciated  phase  of  the  Fayette  deposits  appears  at  the  surface  for 
a  distance  of  half  a  mile.  The  fragments  here  are  incoherent, 
and  are  so  small  that,  without  crushing,  they  are  ready  to  be 
taken  out  and  applied  to  the  roads.  While  no  exposures  of 
indurated  rocks  occur  in  the  townships  of  Bruce,  Monroe, 
Homer,  Big  Grove  and  Eden,  yet  such  deposits  are  encountered 
but  a  short  distance  beyond  their  borders. 

In  the  southern  portion  of  the  county,  where  the  rocks  are 
buried  deeply  with  the  drift,  there  are  occasional  beds  of  gravel 
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which  furnish  a  cheap  and  very  satisfactory  material  for  road 
making  purposes.  Gravel  trains  outcrop  in  Saint  Clair,  Flor- 
ence, Eldorado,  Canton,  Taylor  and  Iowa  townships.  These 
deposits  lie  near  the  surface  and  are  easily  worked.  They 
have  been  used  with  excellent  results  on  the  wagon  road 
between  sections  25  and  36,  in  Florence  township,  and  also  on 
the  road  crossing  the  middle  of  section  24  of  the  township  of 
Iowa. 

Sand. 

Abundance  of  sand  well  adapted  for  use  in  mortar,  cement  or 
plaster  occurs  at  a  number  of  places  in  the  county.  Large  quan- 
tities are  annually  taken  from  the  ftood  plain  of  the  Cedar  river, 
and  the  larger  of  its  tributary  streams.  At  Vinton  the  supply  for 
building  purposes  is  drawn  almost  exclusively  from  the  river's 
bed  within  its  limits.  Hills  of  sand  of  requisite  purity  and 
quality  for  general  purposes  occur  in  Polk,  Taylor,  Harrison, 
Iowa  and  Leroy  townships.  The  sand  used  at  Shellsburg  is 
taken  from  the  channel  of  Bear  creek  close  at  hand.  The  bed 
of  the  Iowa  river  and  of  Prairie  creek  contain  a  large  amount  of 
common,  clean  sand  which  supplies  the  demand  of  a  large  area 
in  the  southern  portion  of  the  county. 

Clays. 

Clays  suitable  tor  the  manufacture  of  common  brick  and 
drain  tile  are  widelv  distributed  over  the  area  under  discussion. 
The  only  deposits  utilized  are  the  loess  and  alluvium.  For  the 
production  of  the  cheaper  grades  of  common  clay  goods  these 
beds  furnish  a  supply  of  raw  material  that  is  excellent  in 
quality,  inexhaustible  in  quantity,  and  inexpensively  worked. 
Clay  goods  have  beeo  manufactured  at  the  following  points: 

Vinton. — For  some  years  Mr.  V.  W.  Aikley  has  produced 
brick  and  tile  on  a  small  scale  at  Vinton.  The  equipment  at 
this  place  is  not  expensive.  Only  a  single  temporary  kiln  is 
burned  at  one  time.  The  value  of  the  annual  output  does  not 
exceed  $2,000.    Mr.  Aikley  has  given  more  attention  to  the 
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making  of  brick  than  of  tile.  He  finds  a  ready  market  for  his 
products  in  his  home  town.  The  clay  used  is  a  mixture  of 
loess  and  alluvium  which  is  taken  from  the  valley  of  Mud 
creek. 

Shellshurg. — A  large  brick  and  tile  manufacturing  plant  is 
operated  at  Shellshurg  by  Mr.  Samuel  Shannon.  The  cheaper 
grades  of  construction  brick  and  all  of  the  common  sizes  of 
farm  drain  tile  are  produced  at  this  place.  This  is  one  of  the 
largest  plants  in  the  county.  The  machinery  is  of  the  most 
approved  type,  and  the  wares  produced  are  of  superior  quality. 
Thd  clay  pit  is  worked  in  the  bed  of  Bear  creek  and  the  mater- 
ial is  a  modified  drift  and  loess-alluvium. 

Garrison. — Brick  and  tile  are  produced  on  quite  a  large  scale 
at  the  town  of  Garrison,  by  Messrs.  Deutremont  and  Gross.  A 
good  market  is  furnished  for  drain  tile  by  farmers  over  the  sur- 
rounding, level  areas  of  the  fertile  lowan  plain.  The  demand 
for  the  clay  goods  produced  at  this  place  is  local,  but  all  of  the 
needs  of  the  area  in  this  line  are  supplied  by  the  home  factory. 
The  clay  is  taken  from  the  flood  plain  of  Hinkle  creek.  The 
plant  is  equipped  with  up-to-date  machinery  and  the  products 
are  of  excellent  grade. 

Norway. — At  the  town  of  Norway  a  brick  and  tile  factory  is 
owned  and  operated  by  Charles  Trajorsky.  The  clay  pit  is 
located  in  the  loess  at  the  east  end  of  the  Norway  paha  ridge. 
The  equipment  includes  an  Anderson  soft  mud,  and  a  Nolan 
and  Meaden  stiff  mud  brick  machine.  The  tile  machine  is  of 
the  same  make  as  the  stiff  mud  brick.  There  are  two  round, 
down  draft  kilns,  with  brick  capacities  of  40,000  and  50,000 
respectively.  All  of  the  wares  are  air  dried.  Tile  of  the  usual 
sizes,  from  three  to  eight  inches  in  diameter,  are  made.  The 
chief  market  is  in  the  town  and  the  splendid  farming  district 
adjacent,  within  a  radius  of  ten  or  a  dozen  miles.  Wood  is  the 
fuel  used.  The  plant  is  arranged  more  especially  for  the  manu- 
facture of  tile  than  of  brick.  The  total  value  of  the  combined 
annual  output  of  brick  and  tile  is  between  three  and  four  thou- 
sand dollars. 

Belle  Plaine. — Brick  is  made  to  supply  a  portion  of  the  local 
demand  at  Belle  Plaine,  by  Mr.  Frank  Smith .     Only  the  cheaper 
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grades  of  construction  brick  are  manufactured.  The  kilns  are 
temporary  and  the  machinery  inexpensive.  The  clay  used 
is  taken  from  a  bank  of  loess. 

Newhall. — Mr.  E.  H.  Morrow,  at  Newhall,  manufactures  both 
brick  and  tile.  The  demand  is  largely  for  tile  and  comes  from 
the  farmers  over  the  level  lowan  drift  area  whose  farms  are 
improved  by  the  underdrainage. 

The  value  of  the  total  output  of  brick  and  tile  in  Benton 
county  would  aggregate  more  than  $24,400.  No  single  plant 
manufactures  a  much  larger  quantity  than  the  demands  of  the 
immediate  locality  warrant.  Freight  rates  are  so  high  that 
little  of  the  clay  products  are  shipped  to  other  points  by  rail, 
and,  likewise,  but  a  small  amount  of  the  common  clay  goods 
used  in  the  county  are  imported.  The  several  plants  are  so 
distributed  as  to  place  such  wares  within  easy  reach  of  every 
point  in  the  county.  Since  the  advance  in  the  price  of  land 
of  recent  years,  there  has  been  a  large  demand  for  drain  tile 
on  the  part  of  farmers  over  the  lowan  area.  With  proper  under- 
drainage the  most  level  fields  are  productive,  even  in  seasons  of 
excessive  rainfall. 


Copper. 

Some  years  ago  a  nugget  of  native  copper  was  found  by  Mr. 
Conrad  Burkhart  near  the  river,  in  the  southern  part  of  Polk 
township.  This  fragment  was  encountered  in  the  drift  about 
six  feet  below  the  surface,  as  parties  were  digging  a  well.  The 
mass  weighed  six  pounds  and  nine  ounces,  and  is  almost  pure 
copper.  About  one  year  ago  a  similar  mass,  weighing  twenty- 
seven  pounds,  was  found  near  Toledo,  in  Tama  county.  The 
surface  of  these  fragments  is  covered  in  places  with  a  thin  film 
of  green  malachite,  or  copper  carbonate,  which  has  been  formed 
by  alteration  of  the  native  copper  since  it  left  the  parent  ledge. 
Such  nuggets  have  been  found  at  several  points  in  Iowa.  They 
always  occur  in  the  bowlder  clay,  never  in  the  native  rocks  of 
the  state.  The  original  home  of  these  fragments  was  probably 
the  copper  bearing  rocks  of  the  Lake  Superior  region.  The  masses 
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were  doubtless  distributed  over  the  surface  of  Iowa  by  the 
glaciers  in  the  same  manner,  and  at  the  same  time,  as  the 
foreign  bowlders  of  granite  and  crystalline  rocks  which  form 
such  conspicuous  features  of  the  drift  material.  The  presence  of 
occasional  pieces  of  copper  in  the  drift  offer  absolutely  no  in- 
dication of  deposits  of  copper  ore  in  the  native  rocks  of  our 
state. 


Water  Supplies. 

Almost  everywhere  in  the  county  shallow  Wells  find  in  the 
drift  a  bountiful  supply  of  pure  water  at  a  depth  ranging  from 
twenty-five  to  seventy-five  feet.  The  Cedar  river  and  the  Iowa 
furnish  an  abundant  and  permanent  water  supply  to  the  regions 
through  which  they  flow.  The  larger  tributaries  of  the  major 
streams  have  their  sources  in  the  boggy  springs  over  the  lowan 
plain,  and  their  perennial  flow  supplies  stock  water  of  the  finest 
kind  to  the  farms  over  large  areas.  The  town  of  Vinton 
obtains  its  water  from  two  deep  wells  which  penetrate  the  Saint 
Peter  and  the  underlying  sandstones.  One  of  these  wells  has  a 
depth  of  1,172  feet,  and  the  other  1,287  feet  below  the  surface. 

The  southwestern  portion  of  the  county  is  embraced  in  the 
Belle  Plaine  artesian  basin.  These  flowing  wells  derive  their 
water  from  the  porous  gravels  that  here  underlie  the  Kansan 
drift,  at  a  varying  depth  of  from  ninety  to  three  hundred  feet. 
A  number  of  such  wells  occur  in  Iowa  township,  and  a  few  are 
found  in  Kane  and  Leroy.  These  artesian  wells  furnish  an 
ideal  supply  of  water  for  farm  purposes.  The  water  carries 
such  a  high  percentage  of  minerals,  notably  calcium  and  mag- 
nesium sulphate,  that  it  is  not  suitable  for  drinking  or  culinary 
purposes.  It  possesses  no  valuable  medicinal  properties.  It 
contains  such  quantities  of  incrusting  and  corroding  salts  that  it 
is  unsuitable  for  use  in  steam  pipes  and  boilers.  Some  years 
ago  the  Chicago,  Milwaukee  and  Saint  Paul  railway  company 
put  up  a  round  house  and  other  large  buildings  at  the  town  of 
Van  Horn.  On  account  of  the  pipe  consuming  and  incrusting 
minerals  in  the  water  at  this  place  the  works  have  been  aband- 
oned, and  the  buildings  are  now  unused. 
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INTRODUCTION. 

LOCATION  AND  AREA. 

Geology  is  withal  a  most  compreheDsive,  all  embracing 
science.  Its  problems  are  wide  as  the  world,  far-reaching  as 
time,  coextensive  with  the  universe  entire.  The  geology  of  a 
locality,  a  single  county, ,  or  even  of  two  or  three  counties, 
might  seem,  therefore,  at  first  glance  impossible.  Here  is  room 
for  suggestion  only;  no  adequate  field  for  the  display  of  any 
such  wide-extended  problem;  no  scope  for  adequate  study  much 
less  for  the  solution  of  any  of  the  vast  and  intricate  questions 
which  our  most  superficial  inspection  is  sure  to  raise,  and 
which,  in  fact,  immediately  confront  the  student  on  every  side. 
Especially  do  such  limitations  appear  when  one  attempts  the 
study  of  one  or  more  of  the  counties  of  northwestern  Iowa. 
Here  the  usual  factors  of  geologic  study  are  almost  entirely 
removed  from  human  ken,  all  alike  buried,  often  hundreds  of 
feet  deep,  by  confused  and  mingled  drift;  the  very  drift  itself 
less  accessible  owing  to  the  minimum  effects  of  ordinary 
erosion.  Only  surface  indications  and  features  are  at  the 
disposal  of  the  man  of  science,  and  these,  many  times,  precisely 
of  the  sort  requiring  wide  comparison  for  full  or  even  helpful 
explanation.  Surely  the  problem  of  the  geology  of  a  north- 
western Iowa  county  promises  but  small  returns  even  for  the 
most  enthusiastic  industry.  Nevertheless,  such  is  the  wide  extent 
of  present  investigation  about  the  world,  that  where  the 
experience  of  the  individual  student  fails  him  in  his  narrow 
field,  the  labors  of  others  come  to  his  relief,  and  thus  even  the 
problems  of  a  single  county,  a  single  township,  may,  and  do 
become  intelligible  as  forming  at  least  a  part  of  some  wider, 
vaster  whole. 

Thus  we  approach  our  present  study.  The  three  counties 
named  in  the  title  form  part  and  parcel  of  our  great  north- 
western prairie;  apparently  all  alike,  to  the  extent  even  of 
wearisome  sameness  or  monotony,  and  suggesting  very  little  at 
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first  sight  of  what  might  go  to  elucidate  the  history  of  the 
world;  and  yet,  after  all,  in  itself  a  part  of  the  outcome  of  all 
that  history,  and  in  itself,  therefore,  a  fact,  whose  explanation, 
here  as  elsewhere,  lies  largely  in  the  fact  concealed,  or  even  re- 
vealed; much  as  the  peculiar  names  of  the  counties  carry  with 
them,  for  him  who  can  understand,  a  curious  revelation  of  the 
history  of  our  composite  people. 

Emmet.  Palo  Alto,  Pocahontas,  these  three  counties  constitute 
a  strip  of  prairie,  in  width  exactly  twenty-four  miles;  in  length, 
some  sixty-six;  since  from  Emmet  the  northern  tier  of  townships 
is  missing,  along  the  Minnesota  line.  On  the  east  lie  Kossuth, 
Humboldt,and  a  part  of  Webster  county ;  on  the  south  is  Calhoun 
county;  while  to  the  west  are  Dickinson,  Clay  and  Buena  Vista. 
Nearly  all  of  these  surrounding  counties  have  been  described  in 
these  reports;  as  to  the  three  immediately  in  hand,  their  place 
in  the  history  of  civilization  dates  back  only  a  few  decades, 
forty  or  fifty  years,  at  most,  and  in  the  books  of  science  they 
have  hitherto  had  scarcely  mention. 

PREVIOUS  GBOLOGICAL   WORK. 

s 

Dr.  White,  in  his  sketch  of  northwestern  Iowa,  includes  these 
counties  with  a  brief  description.*  He  was  apparently 
especially  impressed  by  their  altitude,  their  relationship  to  the 
general  watershed  of  the  state,  and  to  the  drainage  system  of 
the  Des  Moines  valley.  He  admired  the  abundant  lakes  and 
pools  that  gave  a  certain  variety  to  the  otherwise  monotonous 
prairie  landscape,  and  referred  these  correctly  for  their  origin 
to  the  deposition  of  the  all-embracing  drift.  The  same  distin- 
guished author  realized  to  some  extent,  at  least,  the  depth  of 
this  same  drift,  and,  knowing  the  geologic  structure  of  the 
eastern  half  of  the  state,  be  announced  the  improbability  of 
mineral  wealth  beneath  these  wide  deposits,  warning  the  people 
of  the  state  that  shafts  sunk  in  search  of  coal  were  almost  sure 
to  result  in  disappointment.  He  saw,  however,  the  native 
species  of  forest  trees,  here  and  there  wide-scattered,  strug- 
gling, and  even  flourishing,  wherever  they  had  covert  from  the 
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annual  fires,  and  predicted  that  a  few  years  would  suffice  "to 
convert  the  whole  of  this  treeless  space  into  a  well  cultivated 
region  with  a  sufBcient  amount  of  artificially  planted  woodland 
from  which  to  supply  the  wants  of  the  inhabitants."*  It  would 
be  a  satisfaction  to  this  pioneer  student,  geologist  and  long 
honored  author,  could  he  today  personally  realize  how  com- 
pletely his  predictions  in  this  regard  have  come  to  their  fulfill- 
ment. 

Aside  from  the  work  of  Dr.  White  the  counties  we  now  con- 
sider have  had  no  attention  from  student,  geologist  or 
geographer.  Of  no  remotest  interest  to  the  miner,  their  fertile, 
peaceful  acres  have  fallen  under  the  plough  and  have  been  for- 
gotten or  remembered  only  as  political  bits  of  Iowa's  vast  farm. 

Nevertheless  these  counties  are  not  without  their  own  scien- 
tific interest,  and  afford  within  narrow  limits  much  to  occupy 
the  intelligent  farmer  or  student,  much  to  tax  the  ingenuity  of 
the  wisest  who  seek  to  offer  satisfactory  explanation  of  the 
diverse  local  phenomena  everywhere  displayed.  Topographic 
problems  are  offered  by  every  township,  almost  by  every  square 
mile,  and,  as  for  structure,  our  limited  knowledge  finds  oppor- 
tunity for  enlargement  after  each  erosive  freshet,  might  gain 
new  pages  at  the  sinking  of  each  new  country  well  or  the  dig- 
ging of  each  county-ditch,  almost  each  cave  or  cellar.  There 
are  hills  and  plains  and  valleys,  mostly  hindrances  rather  than 
aids  to  the  farmer's  plans  and  industry,  there  are  rivers  and 
creeks  and  lakes,  but  often  owing  to  each  other  only  remotest, 
most  indefinite  allegiance;  there  lie  beneath  our  feet,  rocks  and 
gravels,  sands  and  clays,  but  all  in  confusion  mingled.  We 
have  but  begun  to  classify  these  strata  as  they  lie,  to  interpret 
their  far-reaching  history.  Even  the  boundaries  of  the  more 
general  divisions  into  which  the  soil  elements  of  northwestern 
Iowa  naturally  fall  are  often  difficult  of  discovery,  and  an  accu- 
rate mapping  will  require  months  andyeari^of  patient  research 
in  the  field. 

The  present  account  is,  therefore,  but  a  sketch,  a  preliminary 
study,  as  have  been  its  predecessors  dealing  with  the  neighbor- 
ing counties.     To  assemble  all  these  partial  pictures,  correct 
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TOPOGRAPHY.  238 

them,  and  at  length  unite  them  in  some  more  perfect  and 
general  composite  view  or  portrait  of  this  unique  and  wonderful 
section  of  our  prairie  state  remains  the  much-needed  labor  of 
some  future  day. 


TOPOGRAPHY. 

The  topography  of  the  counties  before  us,  at  closer  view,  is 
sufficiently  varied.  Although  to  the  eye  of  the  passing  trav- 
eler often  apparently  perfectly  level,  yet  the  entire  country 
slopes  gently  to  the  south  and  is  likewise  higher  at  the  western 
side,  for  reasons  presently  to  appear.  The  variation  in  level  is, 
however,  often  surprisingly  small.  On  a  later  page  appear 
the  altitudes  of  several  towns  as  given  by  the  respective 
railways  in  each  case.  These  railway  levels  may  with 
interest  and  profit  be  compared.  Ruthven,  on  the  western 
edge  of  Palo  Alto  county,  is  the  highest  town  in  the  terri- 
tory mapped,  and  Kolfe  is  the  lowest;  the  difference  between 
them  is  two  hundred  and  seventy- five  feet.  This,  however, 
gives  an  exaggerated  view  of  the  matter  on  account  of  the 
unusual  altitude  of  Ruthven,  perched  high  on  the  morainic 
hills.  If  we  compare  Esther ville  in  the  north  with  Fonda  of 
the  extreme  south,  we  have  a  difference  of  only  fifty-two  feet. 
These  points  are  almost  exactly  on  the  same  meridian.  If, 
however,  we  draw  a  line  from  northeast  to  southwest,  as  from 
Armstrong  to  Fonda,  the  variation  falls  within  five  feet;  Cyl- 
inder, Rodman  and  West  Bend  are  within  two  feet  of  the  same 
level;  and  so,  many  such  comparisons  may  be  made. 

Nevertheless,  with  all  this  apparently  common  altitude,  the 
variation  in  topography  in  the  three  counties  is  by  no  means 
inconsiderable.  There  are  hills  and  valleys  and  plains  here  as 
elsewhere,  but  their  succession  is  different;  they  stand  in 
peculiar  relation  to  each  other.  The  hills  are  some  of  them 
high  and  precipitous,  as  in  Walnut  township  of  Palo  Alto 
county,  or  Emmet  township  of  Emmet  county;  sometimes  they 
are  simply  low  swells  or  mounds,  as  about  Maple  Hill  or  Em- 
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metsbarg.  All  these  are  altogether  independent  of  erosion. 
No  streams  ran  among  the  high  hills  about  Ruthven  or  Graet- 
tinger;  nor  more  among  the  mounds,  of  Armstrong  or  Curlew. 
These  are  hills  of  construction,  i.e.  they  were  piled  up  and 
abandoned  here  by  an  agency  of  which  they  are  at  once  result 
and  evidence,  an  agency  in  the  ages  past  e£Bcient  over  wide 
areas,  determining  the  shape  and  features  of  the  land  surface 
of  a  considerable  portion -of  the  northern  world  —the  agency  of 
glacial  ice.  Erosion  affects  these  hills,  no  doubt,  today,  as  it 
has  for  centuries,  but  it  did  not  make  them.  This  is  evident  to 
anyone  who  will  give  the  subject  the  slightest  study  or  exam- 
ination. There  are  hills  of  erosion  also  here  although  often, 
generally,  insignificant.  These  may  be  noted  along  all 
streams;  along  the  Des  Moines,  although  here  rarely  in  this 
region.  The  Lizard  in  its  winding  branches  shows  now  and 
then  an  eroded  slope;  even  the  upper  channels  of  Cylinder 
creek  show  gently  sloping,  eroded  fields.  Beaver  creek,  near 
Rolfe,  shows  perhaps  more  of  erosion  topography  than  appears 
elsewhere  in  the  three  counties.  This  stream  seems  to  have 
cut  down  pretty  rapidly  to  the  level  of  the  Des  Moines  flood 
plain  and  so  shows  steep  inclines,  not  a  few  in  the  neighborhood 
of  Rolfe  and  northward.  Beaver  View  farm  is  a  fine  illustra- 
tion. You  may  find  erosional  hills  in  this,  our  present  terri- 
tory, but  by  search.  The  hills  we  easily  study  are  morainic  hills, 
constructional,  as  said,  owing  their  existence  to  forces  acting 
long  ago.  Consequent  here  may  be  noticed  the  peculiar 
distribution  of  these  hills.  They  occur  chiefly  on  the  west  side 
of  the  Des  Moines  river.  Beginning  at  Estherville  and  thence 
south,  the  hill-country  is  nearly  all  on  the  right  bank  of  the 
river.  There  are  swells  and  mounds  here  and  there,  every- 
where, but  for  hills,  everybody  sends  the  traveller  west.  And 
there  he  finds  them  suflScient  in  numbers  to  raise  the  general 
average  level,  as  we  have  seen,  of  all  the  west  side  of  our  ter- 
ritory; sometimes  grouped  together,  like  miniature  mountain 
chains,  a  hundred  feet  high,  as  about  Ruthven  and  west  of 
Qraettinger.  In  fact  this  country  is  so  rough  and  uninviting  as 
to  have  been  only  recently  occupied.  A  big  church  crowning 
the  hilltop  here  and  there  tells  of  some  Swedish  or  Norwegian 
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colony,  neweomers  ^ith  old  time  NorsemaD  coarage,  daring 
what  others  have  neglected.  Between  the  bills  watercourses 
are  most  imperfect,  but  aided  now  by  ditches  give  to  the  agri- 
culturist some  advantageous  variety,  lowland  meadow  and 
upland  slope. 

While,  as  stated,  these  peculiar  hills  are  characteristic  and 
best  displayed  west  of  tbe  Des  Moines,  yet  they  are  by  no 
means  lacking  in  other  places.  They  are  prominent  north  of 
Estherville,  about  Dolliver,  and  extending  in  broken  series  in 
a  southeasterly  direction  past  Armstrong.  There  are  low 
ranges  of  them  in  the  vicinity  of  Emmetsburg,  especially  about 
two  or  three  miles  east  of  the  city;  they  occur  northeast  of 
Rodman  and  about  West  Bend.  A  very  interesting  specimen, 
because  of  location,  is  found  directly  athwart  the  highway  east 
of  the  town  of  Kolfe,  precipitous  all  around  and  forty  or  fifty 
feet  above  the  surrounding  level. 

Associated  with  morainic  hills  are  always  lakes  of  greater  or 
less  dimensions,  these  in  the  present  instance  are  neither  few 
nor  insignificant.  There  are  lakes  in  each  of  the  three  coun- 
ties; in  Emmet  county  they  are  especially  numerous.  Some  of 
these  may  claim  special  description. 

Iowa  lake^  which  names  for  us  the  northeastern  township  of 
Emmet  county,  lies  mostly  in  Minnesota.  In  Iowa  it  covers 
not  more  than  one  square  mile,  but  is  withal  an  attractive  and 
permanent  body  of  water,  bordered,  especially  to  the  north,  by 
native  groves  of  all  the  commoner  species  of  our  native  trees. 
The  lake  has  no  Iowa  affluents,  but  in  this  year  (1903)  the  out- 
let, tributary  to  the  Des  Moines  (?),  is  a  rushing  torrent. 

Turtle  lake,  or  as  the  people  of  the  county  now  prefer  lake 
Okamanpadu,  is  very  much  larger  than  Iowa  lake  but  similar 
to  this  lies  much  of  it  north  of  tbe  state  boundary.  Altogether 
it  covers  somp  four  square  miles.  This  lake  too  is  bordered  by 
native  woods,  once  much  more  extensive  than  now.  The 
Iowa  shores  are  today  nearly  destitute.  Still  the  lake  is 
picturesque  and  beautiful,  apparently  one  of  the  abiding  attrac- 
tions of  a  beautiful  rural  landscape.  This  lake  is  also  one  of 
the  sources  of  the  Des  Moines  river.  It  seems  to  have  two  out- 
lets one  to  tbe  east,  the  larger,  to  the  East  Des  Moines;  the 
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other  flows  west  to  Soldier  creek  which  is  itself,  however,  . 
farther  on  a  tributary  of  the  same  stream.  Immediately  south 
of  Okamanpadu  is  Swan  lake,  by  far  the  finest  body  of  water  in 
Emmet  county.  Lake  and  swamps  together,  Swan  lake  affects 
half  a  dozen  sections  and  extends  more  than  six  miles  from  east 
to  west.  However,  the  east  end  is  but  a  wide  marsh  full  of 
rushes  and  all  aquatic  vegetation.  Swan  lake  proper  is  at  all 
seasons  a  fine  sheet  of  water  surrounded  by  good  banks,  some 
of  them  high  and  generally  covered  with  native  woods;  trees 
of  the  finest  varieties;  beautiful  primeval  walnuts  still  stand- 
ing. The  depth  this  year  is  reported  fifteen  to  twenty  feet. 
Singularly  enough,  the  locality  is  comparatively  high.  From 
the  west  end  of  the  lake  the  view  extends  for  miles  in  every 
direction;  the  wooded,  high,  western  banks  of  the  West  Des 
Moines  river  stand  like  a  wall  of  green;  the  village 
of  Raleigh  appears  beyond,  while  on  this  side  Graettinger, 
Wallingford,  Gruver,  DoUiver,  and  even  the  groves  of  Esther- 
ville  are  plainly  visible.  Yet  here  is  no  highland,  as  such, 
visible  to  the  eye;  this  is  a  lake-shore  and  the  flatness  of  the 
far-reaching  plain  alone  surprises  the  beholder.  On  the  west 
side  of  Emmet  county  are  several  small  lakes,  as  Four-mile 
lake,  Chester  lake  and  Twelve-mile  lake.  The  last  named  is 
possibly  the  largest  and  most  permanent  of  these,  but  all  are 
shallow  and  likely  to  be  drained  and  made  over  into  cornfields 
once  the  county  surveyor  with  his  ditch  arrives. 

Palo  Alto  county  likewise  boasts  of  several  lakes.  Lost 
Island  lake,  lying  partly  in  Clay  county,  is  a  beautiful  and  per- 
manent body  of  water,  to  be  classed  with  Spirit  lake  and 
Okoboji.  While  not  quite  so  large  as  the  former,  nor  so  deep 
as  the  latter,  it  is  none  the  less  attractive  and  has  about  it  the 
same  picturesque  hills  and  winding  beaches.  Lost  Island  lake 
has  an  expanse  of  some  three  or  four  square  miles  and  is  said 
to  be  twenty  feet  in  depth.  The  southern  shore  has  been  laid 
out  as  a  park  and  affords  place  for  summer  cottages.  North  of 
Lost  Island  lake,  in  Palo  Alto  county,  is  a  wide  marsh  as  large 
almost  as  the  lake  itself,  but  distinct,  once  known  as  Pelican 
lake.  These  lakes  are  both  situated  in  the  very  margin  of  the 
Altamont  moraine  and  are  drained  to  the  west  into  the  Little 
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Sioux  river.  There  are  to  thO'  west  of  them  no  high  protecting 
mounds,  but,  on  the  other  hand,  their  marginal  position  sub- 
jected them  to  what  is  called  overwash,  deposits  of  sand  and 
gravel  from  the  edge  of  the  retreating  ice.  This  will  account 
for  the  shallowness  of  Pelican  lake  and  for  the  series  of  swamps 
and  marshes  by  which  in  Clay  county  these  lakes  find  outlet 
through  Outlet  creek  to  the  Little  Sioux  river. 

There  are  in  Palo  Alto  county  several  other  lakes  of  more  or 
less  interest.  Elbow  lake  south  of  Ruthven  is  a  little  better 
than  a  marsh;  Medium  lake  at  Emmetsburg  is  permanent,  and 
affords  opportunity  for  boating  and  pleasure-seeking.  Virgin 
lake  and  Silver  lake,  both  on  the  west  side  of  the  county,  are 
deeper,  though  not  large,. and  are  beautiful  permanent  features 
of  the  landscape.  Rush  lake,  farther  south,  is  of  interest  as 
the  source  of  Lizard  creek,  to  be  presently  described. 

In  Pocahontas  county  are  no  lakes  of  interest.  Swan  lake 
near  Laurens,  with  native  woods  about  its  shores,  once  adorned 
with  launches,  a  steamboat  and  all  other  minor  craft,  is  water- 
less now  even  in  this  year  of  floods.  Clear  lake  and  Lizard  lake 
also  exist  but  in  name . 

Having  thus  disposed  of  the  hill  country  and  the  lakes  of  our 
present  territory  we  may  now  consider  the  simpler  topography 
of  the  plains  and  meadows.  These  are  conspicuously  two-fold 
in  their  origin  and  position.  We  have,  in  the  first  place,  the 
level  of  the  general  prairie.  Of  this  nearly  all  Pocahontas 
county  affords  an  illustration,  nor  less,  large  areas  in  Emmet 
and  Palo  Alto.  About  the  town  of  Pocahontas,  for  instance,  is 
a  grass-grown  level,  unbroken  for  miles,  and  almost  without 
drainage  or  slope  in  any  direction.  Where  the  lands  are  better 
drained  the  fields  are  yet  flat,  the  streams  long,  crooked  and 
shallow,  sluggish  and  easily  overflowed.  In  a  general  way  the 
whole  valley  of  the  Des  Moines  river  from  Emmetsburg  south 
is  of  this  character.  Compare  again  the  table  of  levels, 
Emmetsburg  1234,  Curlew  1222,  Cylinder  1195,  Rodman  1193, 
Whittemore  1207,  West  Bend  1197,  Mallard  1198,  Plover  1190, 
Rubens  1193,  Gilmore  1207,  etc.  Here  we  have  the  indices 
of  an  almost  absolute  plain  some  fifteen  or  twenty  miles 
wide  and  more  than  thirty  long.      Of  course  this  plain  is 
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not  absolutely  even;  it  is  interrupted,  in  Palo  Alto  county 
especially,  by  scattered  low  knobs  or  ridfjfes;  in  Pocahontas, 
less  by  such  features  and  more  by  broader  inequalities 
determining  the  far-reaching  though  all-imperfect  drainage 
system.  Such  a  level  as  this  is  known  everywhere  in  these 
reports  as  a  Wisconsin  drift  plain.  In  fact,  our  whole  three 
counties  may  be  regarded  simply  as  such  a  plain  sloping  a 
little  to  the  east,  rather  more  to  the  south,  cut  diagonally  into 
two  almost  equal  parts  by  the  Des  Moines  river,  and  encumbered 
to  the  west  more  or  less  extensively  with  irregular  tumbled 
piles  of  the  same  constructive  material,  the  groups  and  series 
of  morainic  hills.  The  lakes,  for  the  most  part,  are  simply 
undrained  depressions  amongst  these  hills. 

But  the  river  valley  proper  shows  us  a  plain  topography  of 
yet  a  different  character.  On  either  side  of  the  river,  now 
chiefly  on  this  side,  now  on  that,  is  a  peculiar  gravel  plain, 
abutting  plump  against  the  hills  where  these  approach;  below 
the  level  of  the  general  plain  and  sharply  divided  even  from 
this,  where  they  mutually  approach;  distinct  at  once  in  struc- 
ture as  in  position.  This  is  no  alluvial  plain  in  the  ordinary 
acceptance  of  the  word,  as  might  be  at  first  surmised.  Indeed, 
here  is  no  alluvium  at  all  resultant  from  the  action  of  the 
present  stream.  Here  is  a  plain,  generally  more  than  a  mile 
in  width,  sometimes  two  or  three,  composed  entirely,  except  a 
little  organic  matter  at  the  top,  of  coarse  water-laid  sand, 
bowlders  and  gravels  fifteen  or  twenty  feet  in  depth,  resting 
often  on  blue  clay.  If  we  study  the  course  of  the  present 
stream  we  shall  discover  that  it  has  indeed  its  own  alluvium, 
its  own  alluvial  plain,  its  flood-plain  dovered  at  high  water, 
enriched  by  gifts  of  falling  silt,  but  this  is  entirely  a  different 
matter.  Over  the  gravel  plain  the  river  never,  in  its  highest 
waters,  sweeps  at  all;  it  never  reaches  to  that  lofty  level.  Yet, 
as  just  stated  here  are  water-laid  sands  and  gravels  of  wide 
extent.  These  valley  plains  are  not  the  alluvium  of  our  present 
stream ;  they  are  hardly  to  be  reckoned  the  alluvium  of  any 
stream ;  they  are  rather  the  bottom  of  an  ancient  river  that 
came  down  the  valley  occupying  its  total  width  in  its  sweep- 
ing flood,  when  the  whole  country,  new-born,  was  taking  shape 
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as  we  see  it  now.  On  this  old  river  bottom,  this  gravel  plain, 
stand  Estherville,  Graettinger,  Wallingford,  Osgood,  part  of 
Emmetsbnrg,  Cylinder;  the  latter  on  an  identical  plain,  though 
remote  from  the  river.  A  fine  view  of  this  river-plain  is 
obtained  from  the  car-windows  by  those  passing  up  and  down 
the  valley  on  the  Rock  Island  railway.  It  is  well  seen  from 
the  morainic  heights  west  of  Estherville;  it  lies  fair  before  the 
observer  seen  from  the  brow  of  the  hill  west  of  Osgood  bridge; 
and,  strangely  enough,  we  traverse  the  same  sort  of  a  gravel, 
sandy  plain,  extending  for  some  four  miles  north  of  the  town 
of  Cylinder,  two  or  three  miles  in  width.  This  plain  has  also 
the  same  origin  as  those  by  the  Des  Moines  and  represents  an 
out- wash  from  the  plateau  of  Fairfield  and  Independence  town- 
ships. This  plateau  is  a  continuation  of  that  seen  in  Kossuth 
county,  its  abrupt  margin  extending  from  the  Crystal  lake 
moraine  in  Hancock  county  around  by  Saint  Benedictjrvington, 
north  of  Whittemore  and  so  into  Palo  Alto.  This  plateau  lies 
thus  between  the  Des  Moines  and  Iowa  rivers  near  their  origins, 
and  rises  to  a  height  of  something  like  one  hundred  feet  above 
the  general  level,  the  highest  point  between  Algona  and 
Whittemore. 

Following  is  given  the  elevation  of  several  towns  in  the  area 
under  discussion.  The  data  were  obtained  from  Gannett's  dic- 
tionary of  altitudes  in  the  United  States: 

TABLB  or  ALtiTUDBS. 

Estherville 1.296  Rodman 1,193 

ArmstroQg 1,237  West  Bend 1,197 

Smmetsbnrg 1,234  Plover 1,190 

Crippen 1.166  Rolfo 1,160. 

Rnthven 1.435  Gilmore  City 1,207 

Cylinder 1,195  Rnbens 1,193 

Ayrshire 1,293  Havelock 1,227 

Cnrlftw 1,222  Laurens , 1,307 

Mallard 1,198  FuDda 1,232 

The  margin  of  the  above  mentioned  plateau  in  Palo  Alto  as 
in  Kossuth  has  been  generally  well  drained  so  that  the  topog- 
raphy is  unusually  broken  as  the  plateau  breaks^off  to  the  plain. 
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Thus  the  north  part  of  Fairfield  township  is  well  drained, 
although  representing  the  Wisconsin  plain.  Considerations 
such  as  these  lead  us  easily  and  naturally  to  our  next  topic. 

DRAINAGE. 

t 

Des  Moines  river. — The  valley  of  the  Des  Moines  river  in  two 
branches  constitutes  the  principal  drainage  channel  of  the  ter- 
ritory we  study.  That  drainage  is  determined  by  topography 
is  proverbial  in  northwest  Iowa.  And  so  the  Des  Moines, 
especially  its  western  branch,  occupies,  in  large  measure,  a 
rather  wide,constructionaldepression,first  formed  and  excavated 
by  glacial  drainage,  then  partially  filled  again,  as  we  have  seen. 
This  West  Des  Moines  is,  at  the  ordinary  stage,  a  fine  clear 
stream,  of  great  service,  both  as  a  drain  and  for  water  supply, 
and  its  course  southward  is  very  interesting  to  one  who  will 
study  determining  causes.  Taking  rise  in  Minnesota  it  enters 
Iowa  almost  exactly  at  the  northwest  corner  of  Emmet  county, 
making  its  way  amid  morainic  hills,  cutting  through  their 
opposing  ridges  it  reaches  the  Wisconsin  plain  in  the  neighbor- 
hood of  Estherville.  Here,  however,  its  course  is  still  con- 
trolled by  the  moraine;  the  high,  abundant,  hills  of  western 
Emmet  county  guide  the  river  to  the  east,  nor  less  those  of 
western  Palo  Alto,  until  immediately  south  of  Emmetsbur^ 
morainic  ridges  of  rather  low  degree  divert  its  course  and  send 
the  stream  eastward,  finally  in  Nevada  township  directly  east, 
only  to  encounter  south  of  Rodman  thja  West  Bend  series  of 
hills  through  which  the  stream  makes  its  tortuous  way  to 
enter  Humboldt  and  Pocahontas  counties  almost  simultane- 
ously, following  in  zigzag  fashion  the  line  between  the  two; 
joins  Beaver  creek,  which  may  represent  an  old-time  channel, 
and  finally  enters  at  Bradgate,  about  one  mile  east  of  Pocahon- 
tas county  line,  the  rock-walled  conduit  of  some  preglacial 
water.  It  is  even  possible  that  Beaver  creek  may  represent 
part  of  the  same  preglacial,  i;  e.,  pre-Wisconsin,  stream,  and 
this  may  be  a  remnant  of  what  is  now  the  Little  Sioux,  whose 
course  has  been  so  strangely  shunted  by  the  Altamont  in  Clay 
and  Buena  Vista  counties.*    At  any  rate,  we  are  beginning  to  see 

*8e6  of  thlB  Bezies  Vol.  XII,  p.  884,  et  seq. 
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that  the  pre- Wisconsin  drainage  of  all  this  part  of  Iowa  was  not 
very  different  in  direction,  at  least,  from  that  which  obtains  today. 
Great  ridges  of  older  drift  are  still  in  evidence,  which  have  for 
ages  been  watersheds;  the  Wisconsin  simply  threw  these  less 
forceful  streams  into  confusion.  The  uncertain  course  of  the  Des 
Moines  across  these  prairies  is  apparent  when  one  notes  the 
often  slight  character  of  the  obstacle  by  which  the  stream  has 
been  deflected;  some  low  swell  of  drift,  of  sand  and  gravel,  as 
in  section  33  of  Nevada  township,  Palo  Alto  county,  or  in  sec- 
tion 32  of  Fern  Valley  township  in  the  same  county.  Indeed, 
the  course  of  the  river  is  scarcely  yet  determined.  In  time  of 
flood  the  river,  south  of  Emmetsburg,  leaves  in  part  its  channel 
in  section  2  of  Great  Oak  township,  passes  directly  south 
around  an  island  of  morainic  knobs  in  sections  12  and  13,  and 
finally  joins  the  main  current  again  in  section  20  of  Nevada 
township.  In  fact,  the  whole  of  Ellington  township  and  part 
of  West  Bend  is  simply  a  confused  field  of  low,  irregular  hills 
and  swamps  where  it  would  seem  that  a  river  might  cut  through 
at  any  time  in  one  place  as  well  as  another.  West  Bend,  so 
named  because  the  valley  of  the  river  was  settled  by  immigra- 
tion from  the  south,  and  for  men  coming  from  the  south  the 
river  here  turned  west.  West  Bend  is,  after  all,  truly  historic  in 
its  naming.  We  must  remember  that  our  assumed  ice  sheet 
retreated  northward;  the  excavation  qf  all  stream-channels 
now  in  service  proceeded  pari-passu,  with  equal  pace.  Beginning, 
for  instance,  with  the  stony  channel  in  Humboldt  county,  the 
conduit  of  the  Des  Moines  was  determined  northward  a  little 
at  a  time;  and  any  slight  obstacle,  no  doubt,  was  at  first 
suflBcient  to  determine  the  direction  of  the  current.  This  will 
explain  the  peculiar  winding  of  the  river  in  these  townships 
named.  The  current  returns  again  and  again  upon  itself; 
surely  no  such  crooked  channel  is  elsewhere  represented  on  the 
maps  of  Iowa.  For  this  reason,  although  a  drainage  channel 
of  prime  importance,  the  river  is  here  singularly  ineflScient, 
and  the  problem  of  those  who  would  cultivate  these  naturally 
undrained  meadows  is  difBcult  indeed. 

The  tributaries  of  the  Des  Moines  in  this  part  of  Iowa  are 
School-section  creek,  draining  the  western  part  of  Emmet 
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county,  cutting  down  to  the  level  of  the  river  through  a  chasm 
of  remarkable  depth,  of  wild  abrupt,  picturesque  beauty,  but 
not  yet  eflBcient  for  the  remoter  sections  of  the  basin  in  which 
it  rises;  Jack  creek,  the  outlet  of  Swan  lake  and  ordinarily 
simply  a  creeping,  crooked  prairie  stream,  draining  imperfectly 
a  township  of  the  same  name;  Cylinder  creek,  a  stream  of  the 
same  sort,  draining  pretty  well  the  two  northeastern  townships 
of  Palo  Alto  county  and  receiving  as  a  contribution  from  the 
west  the  waters  of  the  unwilling  outlet  of  Medium  lake,  a  body 
which  seems  formerly  to  have  sent  its  surplus  waters  southward 
directly  to  the  Des  Moines,  across  the  plat  of  the  present  city 
of  Emmetsburg;  the  outlet  of  Silver  lake.  Willow  creek, 
which  has  effected  considerable  erosion  and  affords  in  ordinary 
seasons  good  drainage  for  the  farms  of  Great  Oak  township; 
Beaver  creek  and  Pilot  creek,  which,  rising  in  Palo  Alto  county 
drain  some  of  the  finest  of  farms  in  the  vicinity  of  Curlew  and 
Mallard  and  become  efBcient  streams  in  the  northeast  township 
of  Pocahontas  county.  The  Lizards  which  in  manifold  branches 
spread  over  nearly  the  whole  of  the  county  last  named,  deserve 
a  special  sentence.  Lizard  creek,  as  a  stream  of  some  dignity 
and  recognized  importance,  enters  the  Des  Moines  in  Webster 
county,  but  in  Pocahontas  county  it  consists  of  three  principal 
branches  with  many  secondary,  sometimes  inter-communicat- 
ing marshes  and  sloughs.  These  branches  in  many  places  lie 
upon  the  prairie  rather  than  drain  it.  Except  in  the  case  of 
the  North  Lizard,  and  far  down  in  its  course,  erosion  is  almost 
none.  Here  and  there  the  county  supervisors  have  taken  the 
matter  in  hand  and  have  cut  a  broad  ditch  for  the  impotent, 
channel-less  stream.  As  central  Pocahontas  county  is  a  typical 
Wisconsin  plain,  so  the  Lizard  creeks  are  typical  prairie  streams. 
Fortunately  a  deep  channel  of  the  Des  Moines  is  not  very  far 
away,  with  a  fall  to  the  north  of  the  Lizard  of  something  like 
two  hundred  feet,  so  that  the  art  of  the  engineer  will  no  doubt 
one  day  amply  supplement  nature's  unfinished  work  for 
Pocahontas  county. 

Cedar  creek  with  two  principal  branches  is  an  important 
stream  in  the  western  part  of  Pocahontas.  It  rises  in  the 
marshy  fields  north  of  Laurens  and  affords]to  the  townships  it 
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passes  fair  drainage.  Cedar  township,  especially,  is  well 
drained. 

The  East  Des  Moines,  although  a  jSne  perennial  stream,  is  of 
importance  in  this  discussion  only  as  affecting  the  northeastern 
townships  of  Emmet  county.  Even  here,  such  is  the  morainic 
character  of  the  country  that  artificial  drainage  is  everywhere 
resorted  to. 

In  ordinary  seasons  the  drainage  of  all  this  section  of  Iowa 
would  seem  a  matter  of  no  especial  diflBculty.  Within  the  last 
ten  y^ars  thousands  of  acres  of  lowland  have  been  brought  into 
cultivation;  but  in  seasons  of  unusual  rain  the  problem  of 
speedy  removal  of  surplus  storm-water  becomes  more  serious. 

STBATIGBAFHT. 

From  the  preceding  description  of  these  counties  it  is  easily 
inferred  that  the  stratigraphy,  or  geologic  structure  of  this 
part  of  Iowa,  so  far  as  exposed  to  ordinary  view,  is  extremely 
simple.  The  drift  is  indeed  susceptible  of  some  classification, 
but  the  student  seldom  finds  it  in  sections  undisturbed.  Erosion 
valleys,  by  the  very  nature  of  the  case,  are  less  satisfactory. 
These  looser  deposits  become  mingled;  they  are  always  "in 
place;"  i.e.,  while  a  transported  indurated  rock  is  identifiable  as 
such,  the  materials  of  the  drift  lose  their  identity  no  sooner 
they  leave  their  proper  horizon.  In  other  words,  while  the 
stratification  of  the  drift  when  undisturbed  is  evident  enough, 
yet  to  identify  the  elements  of  the  several  strata  once  weath- 
ered or  eroded  requires  discrimination  of  the  most  discerning 
sort.  The  materials  from  which  the  successive  drift  sheets 
have  been  built  up  are  much  the  same;  yet  there  are  differ- 
ences, more  striking  and  more  numerous  doubtless  by  far  than 
our  science  is  now  prepared  to  realize.  However,  even  erosion 
valleys  often  serve,  when  the  shifting  current  uncovers  a  fresh 
surface  or  undermines  a  slipping  hillside.  Other  than  this  the 
student  of  stratigraphy  relies  upon  the  glimpses  offered  by 
artificial  excavations  of  various  sorts,  the  grading  of  the  high- 
way, the  cutting  of  the  railway  through  a  mound  or  hill,  the 
sinking  of  farmers'  wells. 
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One  outcrop  of  the  older  rock  also  strangely  enough  comes 
to  light  within  our  present  limit  so  that  our  synoptical  table  is 
more  extended  than  was  to  be  expected : 

SYNOPTICAL  TABLE. 


GROUP. 

SYSTBM. 

3BRIB3. 

STAGB. 

Pleistocene. 

Recent. 

Alluvium. 

Cenozoic. 

Glacial. 

Wisconsin  Gravels. 
Wisconsin  Clay. 

Kansan*. 

Pre-Kansan  sands  and  gravels. 

Paleozoic. 

Carboniferous. 

Lower 
Carboniferous. 

St.  Louis. 

GEOLOGIOAL  FORMATIONS. 
Pleistocene  System. 

The  Pleistocene  deposits^here  as  elsewhere  in  northern  Iowa, 
consist  entirely  of  sheets  of  clay,  gravel,  sand,  or  of  these  in- 
extricably mingled  together.  In  fact  a  pure  clay  is  probably 
nowhere  to  be  found  within  our  present  limits;  so  that  we  may 
say  that  our  Quaternary  or  Pleistocene  deposits  here  are  wholly 
drift,  mingled  clay  and  pebbles  or  bowlders,  or  beds  of  gravelly 
sand. 


a«t 


m 


ALLUVIUM. 


By  this  term  is  indicated  the  fine,  usually  black,  soil  ordina- 
rily present  along  the  banks  of  rivers  and  streams  in  prairie 
regions,  which  evidently  owes  its  position  as  well  as  character 
to  the  sorting  agencies  of  water.  .Ordinarily  it  is  a  fine,  black 
silt,  sometimes  heavy  with  fine  sand;  and  represents  the  latest 
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or  farthest  deposition  from  waters  laden  with  the  products  of 
erosion.  In  our  newer  valleys  the  amount  of  such  material  is 
inconsiderable;  nevertheless  there  is  some  of  it  discernible  by 
all  the  principal  streams,  as  the  branches  of  the  Des  Moines, 
where  occasionally  a  wide,  flat  meadow  is  made  up  of  alluvial 
soils  that  rest  thinly  upon  beds  of  river  sands  and  gravel.  Some- 
times it  iias  accumulated  to  the  depth  of  several  feet  and  shows 
black  banks  in  presence  of  most  recent  erosion .  The  amount 
of  this  material  is,  however,  in  the  present  case  too  small  to 
admit  of  representation  on  the  map. 

WISCONSIN  STAGB. 

Wisconsin  gravels. — The  deposits  so  named  are  the  immediate 
efiFect  of  the  outpouring  of  the  waters  accompanying  the  melt- 
ing and  retreat  of  the  Wisconsin  ice.  As  the  face  of  the  ice 
cliff  moved  northward  the  floods  of  water  seem  to  have  covered 
the  country  and  the  gravel  and  sand  with  which  the  streams 
were  charged  were  deposited  everywhere;  especially,  of  course, 
in  the  forming  valleys  and  channels  of  drainage.  Sometimes 
these  channels  were  no  doubt  on  or  in  the  ice  itself  so  that 
gravel  deposits  may,  and  often  do,  now  appear  far  out  of  the 
way  of  any  present  drainage  system  of  any  sort  whatever;  in 
isolated  mounds,  on  the  flanks  of  hills,  in  low  ridges  athwart 
what  were  otherwise  a  level  plain.  As  already  indicated  in  the 
discussion  of  topography,  the  valley-plain  of  the  West  Des 
Moines  river  is  a  gravel  plain,  all  gravel  of  varying  depth  and 
width,  from  the  Minnesota  line  or  near  it  south  to  Humboldt 
county.  At  Estherville  and  at  other  points  this  gravel  is  worked 
by  the  railways  for  ballast-construction,  and  from  the  city 
named  thousands  of  car-loads  have  been  transported  in  this  way 
to  various  parts  of  the  state.  The  beautiful  situation  of  the 
town  (see  plate  IV)  is  due  wholly  to  this  unique  deposit.  The 
city  is  built  on  the  gravel  plain.  One  ascends  to  the  typical  drift 
as  he  passes  east  out  along  any  of  the  principal  streets.  In  many 
places  one  may  see  the  distinction  by  merely  standing  in  the 
street  and  looking  east. 
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At  the  bridge  across  the  Des  Moines  in  section  28,  township 
100  north,  range  34  west,  the  gravel  is  piled  in  such  a,  way  as 
to  give  the  observer  a  fair  idea  of  the  immense  erosion 
changes  that  once  went  on  in  what  we  now  term  the  valley 
of  the  river.  Here  the  gravel  on  either  side  of  the  river  is 
discoverable  high  up  above  the  ordinary  plain,  fifty  or  sixty 
feet;  lodged  against  the  banks  of  drift.  Between  lies  a 
half  mile  or  more  of  gravel  plain  perfectly  solid  and  flat,  the 
bottom  of  the  ancient  glacial  river  that  swept  this  way  and 
eroded  the  valley  as  we  see  it,  beginning  away  up  on  the  level 

where  now  occur  the  highest  deposits  of  these  singular 
water-marks.  The  present  stream  is  as  nothing  when  com- 
pared to  that  earlier  river.  The  Des  Moines  river  in  this  year 
of  1903  is  described  as  high  beyond  the  previous  experience  of 
observers,  and  yet  the  Des  Moines  river  by  no  means  covers 
this  gravel  plain.  The  present  stream  has  its  own  flood  plain 
which  in  times  of  freshet  it  may  cover  or  erode,  but  this  old 
time  valley  owns  no  relationship  to  the  present  river.  One  might 
suppose  that  the  action  of  the  earlier,  larger,  current  continued 
not  very  long;  but  we  must  reflect  that  the  erosion  force  in  this 
its  upper  channel  was  limited  by  the  work  that  must  be  done 
arther  south  and  east,  where  the  indurated  Paleozoic  formations 
were  encountered  and  set  bars  to  the  agents  of  erosion  as  at 
this  day.  The  result  is  that  the  gravels  of  that  older  river  lie 
in  these  upper  stretches  largely  undisturbed,  slow-mouldering 
with  the  lapse  of  centuries. 

When  we  come  to  investigate  the  composition  of  the  gravel 
trains  we  discover,  first  of  all,  the  evidence  of  the  mode  of  their 
deposition.  No  better  sections  need  be  washed  of  the  entire 
deposit  than  those  encountered  at  Estherville.  Here  one  may 
easily  see  the  sorting  cross-bedding  resultant  from  the  water 
currents  that  once  swept  the  stony  debris  on  and  down.  But  the 
materials  themselves  are  of  every  imaginable  source;  i.  e.,  one 
may  find  samples  of  rock  of  almost  every  description  of  all 
sizes,  from  merest  pebbles  to  stones  weighing  hundreds  of  pounds. 
Some  of  these  pebbles  are  of  great  age  as  such;  have  long  been 
buried,  subject  to  the  slow  action  of  waters,  filtering,  bearing 
all  sorts  of  solvents  in  solution.  Such  pebbles  no  longer  hold 
together  as  rock  at  all,  but  crumble  no  sooner  exposed  to  light 
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and  dryness,  may  be  picked  from  the  bank  and  crushed  in  the 
fingers.  Through  large  gray  bowlders  the  steam  shovel  passes 
as  through  sand,  and  such  sections  may  be  commonly  obserred. 
These  were  doubtless,  some  of  them  already  long  constituent 
parts  of  the  older  Buchanan  gravels  which  the  Wisconsin  ice 
in  these  latitudes  so  generally  swept  away.  Possibly  the  larger 
part  of  these  vast  recent  deposits  consist  of  but  a  resorting  of 
those  older  piles  and  trains  laid  down  by  the  waters  of  the  Kan- 
san  so  long  ago.  Nay;  perhaps  some  of  the  earlier  gravel,  even 
in  these  river  Valleys  still  lies  in  place  here  on  the  blue  clay 
that  stretches  everywhere  beneath  all  surface  deposits  in  these 


regions.  Thus  if  anyone  will  closely  scan  the  exposed  wall  of 
gravel  in  the  excavations  south  of  Estherville  he  will  easily  dis- 
cover that  the  lower  portions  of  the  exposure  are  different, 
strikingly  different,  from  the  upper,  overlying  part.    The  wall 
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stands  up  largely  because  of  these  differences.  Above,  the 
gravel  is  more  loose,  fresher  and  evidently  more  recent,  judg- 
ing from  appearance;  below,  the  material  is  imperfectly 
stratified,  often  stained  with  iron,  deep  brown  sometimes,  the 
pebbles  and  bowlders  more  or  less  cemented  together  and 
associated  with  concretionary  nodules  of  impure  hematite. 
The  line  of  demarcation  is  not  well  defined,  but  is  sometimes 
quite  evident.  One  is  inevitably  led  to  conclude  that  the  lower 
gravels  are  here  older  than  the  upper. 


But  this  is  not  all.  In  the  gravel  pits  operated  by  the  Min- 
neapolis  and  St.  Louts  railway  near  the  same  city  of  Estber- 
ville,  especially  at  the  extreme  south  of  this  artificial  exposure, 
storm-water  erosion  has  supplemented  the  artificial  excavation 
to  the  complete  uncovering  of  the  old  blue  clay.  A  finer  dis- 
play of  this  was  never  seen.    Resting  directly  upon  this  bed  of 
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blue  clay  is  the  same  more  or  less  indurated,  brownish  gravel 
seen  in  the  other  excavations,  while  further  north  appears  the 
typical  sands  and  gravels  of  the  Wisconsin  age. 

However  we  may  name  these  lower  gravel  strata,  the  wide 
distribution  of  the  Wisconsin  subwash  and  overwash  is  indis- 
putable. Not  only  by  the  river,  as  here,  but, as  noted,  faraway 
from  streams  now  flowing  or  even  the  possibility  of  streams,  piles 
of  water-laid  sand  and  gravel  surprise  the  traveler.  At  Ruth- 
ven  there  is  abundance  of  this  material  in  the  lowland  west  of 
the  city^  nor  less  on  the  top  of  the  hill  in  the  city  itself  near 
the  Rock  Island  station.  In  many  cases  these  gravel  deposits 
rest  unmistakably  on  the  country  drift,  so  that  there  can  be  no 
question  as  to  their  relative  age. 

The  Wisconsin  drift — This  is  the  common  surface  drift  or 
pebble  clay  of  all  this  northwestern  country.  It  has  been  often 
described  in  these  reports  and  is  generally  easy  of  recognition; 
strongly  calcareous,  it  is  usually  white  or  whitish  when  dry, 
though  sometimes  yellowish  or  buff  colored.  Ordinarily  it 
is  covered  deep  by  rich,  black  surface  soil  and  visible  only 
where  uncovered  by  erosion  or  some  sort  of  artificial  excava- 
tion. However,  exposures  are  sQflBciently  abundant.  Through- 
out the  entire  intra-morainic  territory  as  sketched  in  these 
reports,  the  characteristic  color,  the  flat,  limestone  pebbles  and 
small,  angular  bowlders,  often  of  the  same  material,  newly 
planed,  mark  every  hillside  road  or  railway  cut.  The  abundant 
lime,  whether  in  form  of  flnest  dust  or  as  pebbles  and  bits  of 
limestone  rock,  forms  the  most  patent  characteristic  of  the 
deposit.  To  the  west  this  drift  passes  over  into  something 
older,  but  in  color  and  appearance  often  but  slightly  different. 
The  reader  may  compare  earlier  volumes  of  this  series  of 
reports;  this  may  be  subject  of  future  discourse.  But  in  our 
present  territory  the  Wisconsin  drift  is  well  defined,  remarka- 
ble, chiefly,  for  its  thinness  as  a  deposit.  In  fact,  the  relation 
of  this  deposit  to  underlying  strata  in  these  marginal  counties 
merits  closest  scrutiny.  Over  the  larger  part  of  our  area, 
over  all,  if  well  diggers,  almost  our  only  source  of  information, 
are  to  be  believed,  true  Wisconsin  drift  does  not  average  more 
than  fifteen  feet  in  thickness.  Doubtless  in  western  Palo  Alto 
and  Emmet  counties,  on  the  morainic  hills,  the  depth  is  often 
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great;  but  on  the  ordinary  Wisconsin  plain  the  depth  is  quoted 
never  to  exceed  twenty-five  feet,  and  often  no  more  than  five  or 
six.  In  the  moraines  are  great  piles  of  it,  as  one  may  often 
see  in  sections  where,  in  our  rectangular  road-making,  we  must 
need  cut  through  a  hill  of  greater  or  less  extent,  but  every- 
where else  the  depth  is  comparatively  small.  Such  exposures 
as  were  noticed  showing  Wisconsin  drift  above  blue  clay  were 
not  inconsistent  with  well-reports.  An  outcrop  of  the  older 
formation  occurs  immediately  west  of  the  Osgood  bridge  over 
the  Des  Moines.  Here  the  thickness  of  the  later  drift  does  not 
exceed  twenty-five  feet.  The  question  of  an  earlier  and  a  later 
Wisconsin  for  this  part  of  Iowa  remains  for  future  decision. 

KANSAN  STAGE. 

Buchanan  gravels. — Old  gravels  of  Kansan  age,  called  in  Iowa 
Buchanan  gravels,  were  reported  in  an  earlier  sketch  by  the 
present  author.*  The  outcrop  appears  overlying  the  Saint  Louis 
limestone  in  the  Gilmore  quarry.  In  addition  to  this,  the  older 
gravels  already  described  in  the  pits  south  of  Estherville  may 
with  more  or  less  confidence  be  here  referred.  There  are  other 
exposures  of  old  material.  Indeed,  it  seems  as  if  it  may  be 
looked  for  almost  anywhere  as  a  bottom  deposit  of  what  has 
been  here  denominated  the  gravel  plain.  Something  of  the 
older  gravel,  for  instance,  appears  along  Cylinder  creek  as  it 
emerges  from  the  plateau  in  Fairfield  township  of  Palo  Alto 
county.  It  must  be  admitted  that  in  exposures  so  far  seen  the 
gravels  here  in  question  are  not  well  delimited  above,  but  their 
uniform  occurrence  in  di.rect  contact  with  the  blue  clay  would 
seem  to  justify  the  present  provisional  reference. 

The  Kansan  drift. — This  widespread  formation  is  in  evidence 
in  every  part  of  the  territory  we  now  describe.  Not  a  deep 
well  has  been  successfully  opened  but  "goes  through  the  blue 
clay."  Everywhere  the  gravel  of  the  valley  is  reported  resting 
on  the  blue  clay,  and,  as  above  noted,  the  report  .may  be  easily 
confirmed  by  present  exposures.  This  blue  clay  is  decidedly 
marked  both  in  constitution,  color  and  general  appearance  as 
to  be  unmistakable,  so  that  we  may  assume  as  correct  its  gen- 

*8«6  Vol.  XI,  p.  m  of  the  protonl  ■erlM. 
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eral  identification .  It  is  exceedingly  tough  and  endures  erosion, 
almost  as  so  much  rock.  The  eroded  surface  looks  like  eroded 
rock.  The  matrix  is  a  fine-grained,  compact  clay,  but  in  this  is 
commingled  sand,  pebbles,  bowlders  of  various  sizes  and  shapes, 
in  the  strangest  confusion.  It  is  difficult  to  imagine  how  such 
a  mass  has  ever  come  into  place.  It  has  the  appearance  of  a 
more  than  half-dried  paste,  stiffened  and  compressed  during 
the  long  centuries  by  vast  superincumbent  weight.  No  other 
formation  on  the  face  of  the  earth  compares  with  it.  There 
are  in  the  older  strata  slates  and  shales  and  clays,  soft  masses 
that  have  endured  enormous  pressure  and  so  been  modified  and 
changed,  but  they  are  not  like  this;  this  is  a  glacial  clay, 
unjointed,  unfissured,  unwedgable,  unblastable,  the  unyielding 
foundation  of  all  our  surface  soils,  the  unperforate,  impervious 
cap  of  all  our  subterranean  waters. 

The  thickness  of  this  deposit  is  very  far  from  uniform.  Re- 
ports of  well  diggers  go  as  low  as  ten  feet;  but  more  frequently 
from  one  to  three  hundred  feet  is  the  range  of  experience.  In 
Emmet  county,  in  Estherville  township,  the  well  of  Mr.  Mc- 
Kay went  three  hundred  feet  in  blue  clay;  but  this  is  on  a  high 
ridge  where  some  of  the  pre-Wisconsin  topography  probably 
still  persists.  The  older  blue  clay  was  no  doubt  subject  to 
erosion  for  centuries  before  the  later  glaciers  came  upon  it  to 
still  further  shave  away  its  upper  surface.  The  inequality  in 
thickness  is  probably  thus  to  be  explained.  Underneath  the 
blue  clay  is  a  widespread  couche  or  bed  of  gravel  and  sand,  and 
often  more  clay  below  that,  so  that  there  is  evidently  another 
drift  sheet  below  the  famous  clay.  On  the  farm  of  Mr.  Lardell 
of  Emmet  county  is  a  well  two  hundred  and  seventy-five  feet 
deep.    The  record  given  by  the  well-digger  is: 

To  the  blue  clay 20  feet 

Blue  clay 130  feet 

Gravel,  with  water 3-4  feet 

Blue  clay 40  feet 

Black   muck 2-3  feet 

Yellow  sand 80  feet 

This  "  yellow  sand  "  is  evidently  below  a  former  vegetation- 
bearing  surface.  The  muck  represents  organic  stuff,  plant  and 
animal  remains  in  a  state  of  partial  oxidation  or  decomposi- 
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tion.  This  decomposing  matter  sometimes  sets  free  inflammable 
gases  in  considerable  quantity,  and  such  gases  caught  under 
the  clay  find  vent  only  as  the  covering  is  pierced.  The  Burnett 
well,  near  Svran  lake,  emitted  an  inflammable  gas,  and  when 
this  was  ignited  "it  burned  for  three  months."  More  com- 
monly the  gases  thus  set  free  are  not  inflammable;  they  are 
either  ordinary  air  that  has  been  caught  and  so  imprisoned,  or 


'  J/ 

\ 

they  consist  largely  of  choke  damp,  carbonic  acid  gas,  another 
result  of  the  decomposition  of  organic  stuff  in  places  destitute 
of  available  oxygen.  Thus,  Mr.  Grems,  a  well-digger  at  Swan 
lake,  asserts  that  all  the  wells  in  Center  township,  from  Ryan 
lake  north,  are  blowing  wells  when   first  the  bluej  clay^is 
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pierced.  The  well  on  the  larm  of  Mr.  George  Weir,  in  Emmet 
township,  blew  for  days  in  sueh  a  fashion  as  to  stop  all  proceed- 
ings. Pebbles  of  considerable  size,  and  pieces  of  wood,  were 
cast  high  into  the  air,  "  more  than  one  hundred  f^et."  By  the 
kindness  of  Mr.  C.  C.  Stover,  of  Estherville,  we  are  able  to  offer 
here  a  cut  showing  the  Weir  well  in  action.    Figure  18. 

The  blue  clay,  therefore,  however  discovered,  is  one  of  the 
most  interesting  formations  in  Iowa.  It  deserves  thorough  and 
widely  extended  study,  and  stands  closely  related  to  the  water 
supply  of  the  entire  state. 

PRE-KANSAN  STAGE. 

Pre-Kansan  sands  and  gravels — These  have  been  already 
referred  to  in  the  preceding  section.  Our  only  knowledge  of  them 
in  this  region  comes  as  a  result  of  well  construction.  We  are 
indebted  to  Mr.  R.  I.  Cratty  for  the  following  log  of  a  500-foot 
well  recently  drilled  at  Ringsted: 

7.  Surface  drift  12  feet 

6.  Blue  clay 138  feet 

5.  Gray  or  bluish  saod 10  feet 

4.  Yellow  sand 38  feet 

3.  Shale,  black  and  white 164  feet 

2.  Blue  shale 2  feet 

I .  Limestooe 136  feet 


The  porous  beds  form  the  universal  aquifer  or  water-couche 
under  the  blue  clay;  sometimes  directly,  sometimes  with  the 
intervention  of  an  old  time  land-surface,  with  muck,  etc.,  under 
the  blue  clay;  in  case  of  the  McKay  well,  already  mentioned, 
occurs  sixty-five  feet  of  clean  white  sand"!  This  is  not  only 
of  itself  remarkable,  but  recalls  an  exposure  of  similar  material 
in  the  banks  of  the  river  a  few  miles  northwest  of  Humboldt, 
in  Humboldt  county.  These  sands  may  represent  a  pre-Pleis- 
tocene  formation,  possibly  Cretaceous,  and  further  reports  of 
their  distribution  may  be  awaited  with  interest. 

Since  the  boring  of  most  wells  stops  no  sooner  than  a  water- 
bearing gravel  is  reached,  we  have  no  means  of  determining  the 
the  amount  or  depth  of  the  pre-Kansan  in  our  present  territory. 
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"Twenty  feet  in  the  gravel"  is,  however,  a  not  infrequent 
description.'  In  Pocahontas  county  the  drift  layers  of  all  ages 
appear  to  be  thinner;  the  blue  clay  is  quoted  at  thirty  and 
forty  feet,  and  the  subjacent  gravels  it  would  seem,  sonietimes 
fail  entirely.    Wells  are  sunk  in  limestone  rock. 


Oarboniferous  Systexn. 


SAINT  LOUIS  LIMESTONE. 


The  only  outcropping  of  indurated  rock  in  the  region  we 
study  is  found  in  Pocahontas  county.  This  exposure  has  al- 
ready been  made  the  subject  of  comment  in  these  reports  and 
the  present  review  of  the  case  can  offer  no  new  facts  or  detail.* 
The  exposure  in  question  is  limited  to  a  very  narrow  area,  one 
hundred  acres  or  less,  and  even  then  is  not  a  natural  exposure. 
Where  quarried  the  rock  is  covered  by  soil  and  drift  to  a  depth 
of  several  feet,  although  a  few  rods  further  south  rock  in  place 
is  struck  by  the  passing  plough.  The  quarry  occupies  the  place 
of  a  former  sink-hole  as  described  in  the  report  cited;  the  upper 
strata  of  the  rock  are  marked  by  fissures  long  subject  to  erosion 
by  descending  floods  of  water,  and  the  quarry  shows  natural 
walls  of  cross-bedded  limestone.  In  these  wet  seasons,  work 
in  the  quarry  is  much  hindered  by  water,  which  fills  the  pit  in 
a  night,  but  presently  disappears  again  by  subterranean 
drainage. 

Above  the  limestone,  between  the  limestone  and  the  drift, 
occurs  in  limited  measure,  on  the  west  side  of  the  present  open- 
ing, a  deposit  of  peculiar,  fine-grained,  non-calcareous,  reddish 
clay.  The  stratigraphical  relationship  of  this  substance  is  not 
known.  It  is  interesting  in  its  position  and  if  in  quantity 
would  possess  high  economic  value;  it  is  so  very  pure  and  uni- 
form. That  such  substance  has  been  reached  by  those  who  in 
Pocahontas  county  sink  their  wells  to  the  limestone  in  various 
places  is  nowhere  reported.  This  clay  may  represent  a  mem- 
ber of  the  Cretaceous  system. 


•  See  of  thia  neries  Vol.  XI,  pp.  18M8S. 
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EOONOMIO  FR0DT70TS. 

Olay. 

The  economic  celebrity  of  these  counties  will,  in  the  future 
as  in  the  past,  rest  rather  upon  the  extreme  fertility  of  the 
soil  and  its  adaptation  to  varied  agriculture,  rather  upon  this 
than  upon  resources  of  special  type  such  as  occur  in  the  regions 
affording  ore  and  coal.  Even  the  manufacture  of  tile  and 
brick  is  much  handicapped  by  the  occurrence  of  a  large  per- 
centage of  calcareous  pebbles  inextricably  mingled  with  the 
ordinarily  accessible  beds  of  clays.  Many  efforts  are  making 
in  various  places,  if  possible  to  obviate  this  difficulty.  At 
Armstrong,  Messrs.  Robinson  &  Stewart,  although  their  work  is 
yet  somewhat  in  the  experimental  stage,  will  manufacture  this 
year  some  300,000  brick  and  about  the  same  number  of  tile. 
The  clay  used  is  from  a  peaty  slough  a  short  distance  north  of 
the  works.  It  is  reasonably  free  from  the  lime  pebbles,  but 
still  gives  so  much  trouble  as  to  suggest  plans  for  their  elimina- 
tion. This  is  the  only  attempt  at  present  in  Emmet  county 
toward  the  prosecution  of  the  clay  industry.  In  Palo  Alto 
county  there  is  at  present,  so  far  as  could  be  learned,  no  brick 
or  tile  kiln  at  all. 

At  Fonda  in  southwestern  Pocahontas  county  the  Straight 
Brothers  have  been  very  successful  in  handling  the  same  pebbly 
Wisconsin  clay.  They  use  a  rotating  screen  and  so  eliminate 
from  the  dry  material  pebbles  of  all  and  every  sort.  The  dump 
behind  the  screen-house  reveals  in  a  surprising  way  the  nature 
of  the  diflBculty  everywhere  encountered  in  the  making  of  brick 
in  northwestern  Iowa. 

By  the  means  adopted,  however,  Straight  Brothers  are  mak- 
ing excellent  tile  at  the  rate  of  about  one  million  per  annum. 
Some  shale  from  Fort  Dodge  is  imported  and  mixed  with  the 
screened  clay,  and  such  brick  is  said  to  excel  that  made  at  Fort 
Dodge,  from  shale  or  Carboniferous  clay  alone. 
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At  Rolfe,  Messrs.  Nelson  and  Dawson  have  recently  under- 
taken the  manufacture  of  tile.  The  material  used  is  the  same 
as  that  sought  elsewhere,  a  Wisconsin  clay  which  has  been 
somewhat  sorted  by  the  action  of  water,  that  is  fine  silt;  here 
partial  alluvium.  The  pit  shows  rather  uneven  material,  but 
the  product  is  quite  good;  some  of  it  excellent.  It  is  here  pro- 
posed to  separate  the  pebbles  by  a  process  of  washing,  and 
plans  are  maturing  for  such  an  experiment.  The  present  capacity 
is  700,000  tile  per  year;  no  brick.  In  all  these  cases  coal  is  the 
fuel  used,  and  this  is  brought  from  Des  Moines.  But  with  all 
the  disadvantages, it  appears  to  be  far  cheaper  to  import  fuel  and 
manufacture  on  the  ground  than  to  import  the  vast  quantity 
of  tile  which  for  this  undrained  territory  is  an  absolute  neces- 
sity, and  where  for  years  to  come  the  demand  will  outrun  all 
probable  local  supply.  For  farm  drainage  even  large  sizes  of 
tile  are  demanded  and  pipes  fifteen  and  sixteen  inches  in 
diameter  are  going  into  the  marshes  of  these  counties. 

Since  the  report  on  Clay  county  was  written  a  bed  of  almost 
pebbleless  clay  has  been  discovered  a  mile  or  so  -northeast  of 
Spencer.  From  this,  although  its  extent  is  at  present  unascer- 
tained, great  results  are  expected.  So  far  as  examined  the  tile 
are  excellent  and  the  clay  promises  well.  This  clay  lies  in  a  fiat, 
undrained  field,  higher  than  the  gravel  plain  and  is  no  doubt  a 
deposit  from  water.  It  is  not  loess  but  represents  the  result  of 
the  slow  subsidence  of  fine  silt  during  a  long  course  of  years. 
Such  deposits  are  to  be  expected  everywhere  where  similar  con- 
ditions obtain.  The  gravel  plain  from  Estherville  south  to 
Emmetsburg  was  formed  under  conditions  precisely  similar  to 
those  which  gave  rise  to  the  gravel  plain  at  Spencer;  so  that  de- 
posits of  similar  clay  may  be  hopefully  looked  for  pretty  well 
up  toward  the  general  country  level,  but  in  the  vicinity  of  the 
great  drainage  valleys.  Such  deposits  are  likely  to  be  dis- 
covered by  the  ditcher.  As  this  is  written  there  are  rumors 
that  some  such  beds  have  been  discovered  not  far  from  Esther- 
ville. * 


*  InTwtlgatlon  shows  the  material  in  use  at  Bsthenrille  to  be  the  common  bine  elaj  nnder. 
lying  the  whole  oovnti7,and  effort  is  making  to  free  the  claj  from  pebbles  and  bowlders.  Jane, 
IMS. 
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Stone. 

The  one  stone  quarry  of  the  three  countiee,  that  near  Gilmore 
in  Pocahontas  county,  is  in  constant  use,  but  the  amount  of 
rock  taken  out  is  nothing  like  so  great  as  in  former  years.  The 
rock  is  well  bedded,  comes  out  in  fine  blocks  for  all  sorts  of 
range  work,  but  has,  after  all,  only  a  local  demand.  The  prod- 
uct last  year  was  eight  hundred  and  seventy  cords.  Quarrying 
for  two  years  has  been  hindered  much  by  surface  water.  The 
location  is  low,  a  former  marsh,  in  fact,  and  heavy  rains  fill  all 
the  excavations  with  water.  This,  however,  disappears  pres- 
ently by  the  marvelous  subterranean  drainage  characteristic  of 
this  part  of  Iowa.  The  Gilmore  rock  is  very  rich  in  lime. 
According  to  reports  some  samples  show  99.64  per  cent  lime.  A 
large  set  of  lime  kilns  was  once  in  operation  here,  but  for  some 
reason  the  lime  industry  has  been  abandoned. 


Gravels. 

Among  the  several  natural  economic  resources  of  this  region 
the  vast  supplies  of  gravel  found,  as  stated,  along  all  streams 
and  not  infrequently  remote  even  from  the  water-courses,  seem 
deserving  of  special  mention.  These  gravels  are  today  carried 
by  hundreds  of  car-loads  to  be  used  as  ballast  along  the  great 
railway  lines  of  the  Northwest.  Nor  is  such  material  less 
serviceable  in  the  localities  where  found.  Gravel  makes  ex- 
cellent streets;  witness  those  of  Esther ville;  •xcellent  country 
highways;  excellent  causeways  across  marsh  and  flat  as  every 
traveler  along  the  valley  of  the  Des  Moines  will  gratefully 
testify.  The  old  glacial  gravels  of  northern  Iowa  are  the  sure 
promise  of  good  public  roads. 


Water  Supply. 

Through  two  of  the  counties  here  studied,  the  West  Fork  of 
the  Des  Moines  river  passing,  affords  a  perennial  water  supply. 
The  general  drainage  system  of  the  country  whether  natural  or 
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artificial  is  also  in  a  measure  serviceable.  Beaver  creek ,  Liz- 
ard creek  and  Cedar  creek  in  Pocahontas  county  are  said  to  be 
perennial  streams.  But  water  of  excellent  quality  is  every- 
where so  surely  accessible  in  wells  of  moderate  depth  that,  for 
serving  the  purposes  of  the  people, streams  and  lakes  are  hardly 
regarded.  In  many  places,  as  on  the  gravel  river-plains,  water 
is  obtained  by  the  so-called  "drive  wells."  This  is  true  also  of 
the  vicinity  of  Cylinder  and  north.  Wells  of  twenty  to  thirty 
feet  in  depth  and  inexhaustible  are  reported  from  Bingsted, 
Mallard,  Curlew  and  other  places.  In  most  cases,  however,  the 
wells  are  deeper,  ranging  from  eighty  to  four  hundred  feet. 
The  city  water  supply  at  Estherville  is  from  springs  coming 
out  on  the  blue  clay  near  the.  Des  Moines  river.  Similar  water 
doubtless  fills  the  wells  in  the  gravel  at  Graettinger  and  at 
£mmetsburg.  Fonda  has  a  deep  well  with  water  of  excellent 
quality. 

Fuel  Supply. 

Residents  of  these  counties  rely  chiefly  for  fuel  upon  out- 
side sources  of  supply.  There  is  some  native  wood;  every  far- 
mer has  now  a  grove;  so  that  wood  is  comparatively  cheap.  In 
some  places  vast  beds  of  peat  occur,  as  at  Kuthven  in  Palo  Alto 
county,  but  Iowa  peat  has  only  in  rarest  cases  been  put  to 
practical  use. 
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F0BE8TBT  N0TB8  FOB  EMMET  OOXJNTY. 


BY  R.  I.  CRATTY. 

(General  DiBoossion. 

To  one  who  has  spent  much  of  his  life  in  a  forest  region,  our 
treeless  western  prairies  present  a  picture  which,  thoagh  inter- 
esting at  first,  at  length  loses  much  of  its  attractiveness  because 
of  the  monotonous  landscape.  When  this  portion  of  Iowa  was 
plowed  and  furrowed  by  the  ice  fields  which  covered  the  region 
during  the  Glacial  epoch,  the  retreating  ice  left  its  load  of  clay 
and  sand  and  gravel  in  low  ranges  of  hills  which  in  our  day 
help  somewhat  to  relieve  this  monotony,  but  excepting  these 
morainic  hills  and  the  lake  beds,  the  ever  varying  topography 
is  usually  the  result  of  erosion.  Though  the  face  of  a  coun- 
try vary  ever  so  much  in  the  character  of  its  surface,  and  in  its 
carpet  of  green  grass,  adorned  with  beautiful  flowers,  still  there 
is  something  lacking  if  the  trees,  those  noblest  examples  of 
Nature's  handiwork  in  the  vegetable  world,  are  wanting. 

However  well  this  region  may  have  been  covered  by  an 
arboreal  vegetation  previous  to  the  period  of  the  Wisconsin 
drift,  its  reforestation  after  the  ice  disappeared  has  been  very 
slow.  Among  the  many  causes  which  have  united  to  produce 
the  result  may  be  enumerated  the  hot,  drying  southwest  winds 
of  autumn,  quite  common  in  western  Iowa  some  years  ago;  and 
since  man's  advent  upon  the  scene,  the  prairie  fires.  In  this 
portion  of  the  state  land  sloping  to  the  southwest  is  usually 
devoid  of  native  timber  unless  protected  in  that  direction  by 
high  bluSs,  or  some  considerable  body  of  water,  which  would 
modify  the  effect  of  the  hot,  dry  winds.  A  northeast  slope,  other 
conditions  not  being  wanting,  is  an  ideal  one  with  us  for  native 
timber,  as  well  as  for  orchards  and  artificial  groves.  Until  recently 
the  prairies  were  covered  every  season  with  a  luxuriant  growth  of 
native  grasses,  and  were  very  often  burned  over  by  the  Indians, 
and  in  later  years  by  the  white  hunters  and  settlers.    These 
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fires  usually  occurred  in  late  autumn  or  early  winter  when  the 
prevailing  strong  winds  were  from  the  west  or  northwest,  and 
this  is  at  least  one  reason  why  our  native  timber  is  mostly 
found  on  the  south  or  east  side  of  lakes  and  streams.  When  it 
does  occur  on  the  west  or  north  it  is  usually  a  fact  that  the 
forest  line  is  protected  in  that  direction  by  bluffs  with  a  scanty 
covering  of  grass,  or  by  deep  marshes.  It  may  be  observed  also 
that  no  timber  except  a  few  small  willows,  is  found  along  the 
smaller  streams  flowing  through  our  more  level  regions,  which, 
though  capable  .of  furnishing  the  necessary  conditions  of  soil 
and  moisture,  nevertheless  could  not  furnish  protection  from 
the  prairie  fires. 

The  area  of  native  timber  in  this  county  is  quite  small,  much 
the  larger  body  being  found  along  the  West  Fork  of  the  Des 
Moines  river,  west  and  north  of  Estherville.  There  are  also 
several  smaller  bodies,  the  larger  of  which  are  along  the  East 
Fork  of  the  Des  Moines  in  Armstrong  Grove  township,  and  along 
the  shore  of  Iowa  lake.  Now  that  the  days  of  the  prairie  fires 
are  ended,  a  young  growth  of  timber,  mostly  ash,  box-elder  and 
willow,  is  gradually  fringing  both  banks  of  our  rivers,  and  if  man 
does  not  interfere,  our  forest  area  will  surely  increase. 

A  great  amount  of  the  best  timber  in  this  region  was  cut 
down  by  the  early  settlers  for  fuel  or  for  building  purposes, 
some  of  it  being  sawed  into,  lumber  by  sawmills  which  have 
long  since  disappeared. 

Since  the  advent  of  the  railroad,  bringing  fuel  and  lumber, 
this  wholesale  destruction  of  our  best  timber  has  almost 
ceased,  and  a  fine  young  growth,  if  given  sufficient  protection, 
will  in  time  do  much  to  restore  the  former  conditions.  The 
habit  of  too  closely  pasturing  our  native  woods  can  not  be  too 
severely  condemned,  as,  where  the  humus  and  undergrowth  are 
destroyed  by  the  tramping  of  cattle,  the  hot,  drying  weather  of 
autumn  frequently  causes  the  death  of  many  of  our  native 
trees.  By  retaining  this  leaf  mould  and  undergrowth,  thus 
preventing  too  rapid  evaporation,  and  a  judicious  cutting  of 
the  older  timber  for  use,  there  is  no  reason  why  our  woods 
should  not  gradually  improve.  Fortunately,  our  best  timber 
is  situated  on  land  unsuitable  for  cultivation,  and  thus  at  least 
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one  temptation  is  lacking  to  remove  it,  and  it  is  sincerely  hoped 
that  the  owners  of  these  tracts  will  use  all  reasonable  efforts  to 
preserve  and  improve  the  present  condition  of  what  is  left. 

The  most  valuable  of  our  trees  are  the  two  species  of  oak, 
the  bur  oak  and  red  oak,  the  white  and  the  slippery  elm, 
the  hard  and  soft  maple,  one  ash,  one  hickory,  the  basswood, 
the  hackberry,  the  black  walnut  and  the  cottonwood.  Besides 
these  there  are  numerous  smaller  trees  and  shrubs.  There  are 
also  several  species  of  trees  common  in  cultivation  such  as 
the  cottonwood,  lombardy  poplar,  white  willQw  and  several 

kinds  of  evergreen. 

Throughout  this  prairie  region  there  are  numerous  artificial 
groves  which  add  much  to  the  beauty  of  the  landscape,  and 
there  is  no  reason  why  every  country  home  should  not  be  sur- 
rounded with  a  beautiful  grove  of  trees  to  furnish  a  shelter 
from  the  severe  winds  and  the  snows  of  winter,  and  in  summer 
to  delight  us  with  cooling  shade,  and  furnish  a  safe  home  for 
our  feathered  friends,  that  they  may  come. and  dwell  among  us 
and  sing  to  us  their  songs  of  joy  and  gladness  as  they  build 
their  nests  and  rear  their  young. 

List  of  Trees. 

The  following  list  of  the  trees  and  shrubby  plants  of  Emmet 
county,  systematically  arranged,  is  also  believed  to  be  nearly 
complete  for  the  bordering  counties  as  well.  The  number  of 
species  is  comparatively  small,  but  this  may  be  partially  ac- 
counted for  by  the  fact  that  this  region  was  entirely  covered  by 
the  Wisconsin  drift,  a  much  later  geological  formation  than  is 
found  in  the  southern  and  eastern  portions  of  the  state,  and 
one  which  gives  us  little  variation  in  the  character  of  surface 
and  soil. 

PINACE^. 

1.  Juniperus  virginiana  L.  Red  Cedar.  This  is  the  only  ever- 
green native  to  this  portion  of  Iowa,  and  is  found  sparingly 
on  the  bluffs  around  the  lakes.  Most  of  the  trees  have  been 
cut  for  fence  posts  for  which  purpose  they  furnish  our  most 
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durable  timber.  This  tree  flourishes  well  in  our  prairie  soil 
and  makes  a  rapid  growth.  It  may  be  used  to  advantage  as  a 
•  windbreak  as  well  as  for  ornamental  purposes.  The  dark  green 
of  its  foliage  contrasts  very  pleasingly  with  that  of  the  surround 
ing  deciduous  trees.  Besides  it  has  economic  value  for  the 
purpose  mentioned  and^there  is  no  reason  why  farmers  should 
not  raise  their  own  fence  posts. 

JUGLANDACEiE. 

2.  Juglans  nigra  L.  Black  Walnut.  This  very  valuable  tree 
was  once  quite  common  in  low  woods.  It  is  at  present  quite 
scarce  in  a  wild  state,  having  been  made  into  rails  and  used  for 
fuel  by  the  early  settlers;  and  later  the  trees  of  sufficient  size 
have  been  cut  down  and  sold  to  be  sawed  into  cabinet  lumber. 
The  tree  is  becoming  quite  common,  however,  in  cultivation, 
for  which  purpose  it  is  very  valuable,  not  only  for  its  timber 
and  shade,  but  for  its  fine  shape  which  makes  it  well  adapted 
for  planting  along  roads  and  driveways.  The  delicious  nuts 
which  it  yields  abundantly  are  great  favorites  with  the  young 
people.  It  is  most  successfully  raised  from  the  seed  planted 
where  the  trees  are  to  remain,  as  its  deep  taproot  makes  its 
transplanting  difficult. 

3.  Hicoria  minima  (Marsh),  Britton.  {Carya  amara  Nutt).  Bit- 
ternut.  Our  only  hickory;  a  small  tree  with  very  hard,  close- 
grained  wood,  useful  for  many  purposes,  such  as  handles  for 
tools.  The  thick-shelled  nuts  are  of  little  value.  The  tree  has 
a  wide  distribution  in  this  region,  but  is  nowhere  very 
plentiful. 

SALICACE^. 

4.  Populus  alba  L.  White  or  Maple-leaved  Poplar.  This 
European  tree  is  very  frequently  planted  for  shade,  but  is  not 
to  be  recommended,  as  it  spreads  very  badJy  by  its  roots.  It 
has  escaped  from  cultivation  in  many  places. 

5.  Populus  tremuloides  Michx.  Poplar.  Trembling  Aspen. 
A  graceful  little  tree,  quite  frequent  in  woods,  and  one  which 
formerly  was  occasionally  found  in  clumps  on  the  prairie.  As 
it  spreads  by  its  roots,  like  its  European  cousin,  and  will  grow 
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up  again  if  burned  over,  it  was  better  fitted  than  most  of  oar 
native  trees  to  survive  the  prairie  fires;  a  great  enemy  of  oar 
native  forest  development.  Its  beautifully  shaped  leaves  are 
so  hung  on  the  slender,  flattened  petioles,  so  as  to  rustle  in  the 
slightest  breezA.  With  us  the  tree  does  not  reach  a  size  to 
make  its  soft  wood  of  much  value  except  for  fuel. 

6.  Populus  deltoides  Marsh.  {Populus  monilifera  Ait.).  Cot- 
tonwood. This  large  tree,  everywhere  common  in  cultivation, 
was  very  rare  in  this  county  in  early  days.  Mr.  M.  Richmond, 
who  settled  in  Armstrong  Grove  township  in  1868,  reports  one 
large  tree,  then  a  foot  in  diameter,  south  of  the  East  Fork  of 
the  Des  Moines  river,  not  far  from  his  home,  and  also  a  few 
smaller  ones  elsewhere  along  the  river.  The  larger  one  must 
have  been  a  native  before  the  coming  of  the  white  settlers,  as 
its  size  would  indicate,  the  first  settlement  having  been  made 
in  that  section  about  1865. 

Regarding  this  species  the  Hon.  Howard  Graves,  of  Esther- 
ville,  who  came  to  the  county  only  four  years  after  the  first 
settler,  writes  the  author  as  follows:  ''When  I  came  to  this 
county,  A.  D.  1860,  there  was  one  large  Cottonwood  tree 
(evidently  native)  growing  on  the  west  bank  of  Ryan  lake.  In 
this  tree  eagles  nested  for  many  years.  The  water  finally 
washed  around  the  roots  of  the  old  cottonwood,  and  it  toppled 
over  into  the  lake  where  it  now  lies  in  a  state  of  decay.  There 
were  at  the  time  mentioned  a  few  other  native  trees  of  the  cot- 
tonwood species  on  the  south  bank  of  Turtle  lake;  none  on  the 
West  Fork  of  the  Des  Moines  river  or  in  the  immediate  vicinity 
of  Estherville." 

The  early  settlers  planted  this  species  extensively  as  a  shade 
tree  around  their  dwellings  and  along  roadsides,  its  very  rapid 
growth  making  a  quick  return  for  the  labor  used  in  planting 
and  cultivating.  Trees  thirty-five  years  old  frequently 
measure  two  feet  in  diameter  and  seventy  feet  in  height.  The 
wood  is  soft  and  perishable,  but  when  seasoned  is  quite  valua- 
ble for  fuel.  The  tree  does  not  thrive  on  the  prairie  when 
planted  in  a  grove,  only  the  outside  row  or  two  doing  fairly 
well;  but  when  given  plenty  of  room,  the  rapidity  of  its  growth 
is  all  that  could  be  desired.  Though  once  so  rare,  it  is  escaping 
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from  caltivation  in  many  places.  This  tree,  like  all  the  willows 
and  poplars,  is  dioecious,  the  stamens  and  pistils  being  borne 
on  separate  trees,  and  its  small  seeds,  each  with  its  tuft  of  cot- 
ton, is  a  source  of  great  annoyance  to  tidy  housewives.  If 
cuttings  for  planting  were  taken  only  from  the  staminate 
or  sterile  trees  this  objectionable  feature  would  be  removed. 

7.  Salix  nigra  Marsh.  Black  Willow.  Frequent  along 
streams  and  lake-shores.  It  sometimes  attains  a  very  large 
size,  forty  to  fifty  feet  in  height,  with  a  trunk  a  foot  in  diameter. 
This  and  the  following  species  usually  bend  gracefully  over  the 
water,  their  leaves  and  slender  branches  reaching  down  as  if  to 
kiss  the  face  of  the  stream  that  smiles  in  the  sunshine  below. 
The  wood  though  soft  is  quite  durable  and  is  valuable  for  fuel 
and  fence  posts,  for  which  purposes  it  was  much  used  by  the 
early  settlers. 

8.  Salix  amygdaloides  Anders.  This  large  tree  is  similar  to 
the  preceding,  and  grows  with  it.  It  may  be  recognized  by  its 
broader  leaves,  about  one  inch  broad  and  three  to  five  inches 
long.    It  seems  to  be  widely  distributed  throughout  this  region. 

9.  Salix  alba  vitellina  (L.)  Eoch.  White  Willow.  This  is  the 
form  in  universal  cultivation  throughout  this  part  of  the  west, 
and  is  very  valuable  for  forming  a  hedge  or  windbreak  where  a 
quick  return  is  especially  desirable.  When  planted  in  single 
rows  the  growth  is  used  for  summer  wood  tmd  for  fence  posts. 
For  this  latter  purpose  the  posts  should  be  h>ur  to  six  inches 
in  diameter,  and  if  well  seasoned  will  last  from  three  to  ten 
years. 

A  large  clamp  planted  on  some  low  corner  in  the  permanent 
pasture  will  afford  a  fine  shade,  and  will  be  greatly  appreciated 
by  our  dumb  friends  on  hot  summer  days.  While  not  a  native 
of  this  country,  this  willow  has  escaped  from  cultivation  and  is 
frequently  found  along  highways  and  streams. 

10.  Salix  ftuviatilis  Nutt.  {8.  Idngifolia  Muhl.)  Sand-bar 
Willow.  This  is  a  much  branched  shrub,  seldom  attaining  the 
size  of  a  small  tree,  which  grows  in  clumps  along  streams  and 
ic  marshes.  It  is  of  little  value,  though  sometimes  used  for 
fuel  when  nothing  better  is  at  hand.  This  is  our  most  common 
species. 
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11.  Salix  hehhiana  Sargent.  (S.  rostrata  Richards.)  Bebb's 
Willow.  Occurring  as  a  shrab  in  a  large  marsh,  two  miles 
north  of  Armstrong. 

12.  Salix  humilis  Marsh.  Prairie  Willow.  This  little  shrub 
is  very  rare  in  this  region.  It  is  seldom  more  than  two  or 
three  feet  high,  and  occurs  on  prairies  or  borders  of  woods. 

13.  Salix  discolor  Muhl.  Glaucous  Willow.  A  shrub  or  small 
tree  which  attains  a  height  of  ten  to  twenty  feet  in  this  local- 
ity. It  occurs  along  streams,  but  more  frequently  in  marshes 
or  on  low  prairies.  ^  Its  leaves  when  mature,  are  a  bright  glossy 
green  above  and  whitish  underneath,  hung  gracefully  on  the 
slender  branches,  make  this  a  beautiful  species. 

14.  Salix  sericea  Marsh.  Silky  Willow.  A  most  beautiful 
shrub.  The  young  leaves  are  silky-pubescent,  but  later  in  the 
season  are  a  dark,  glossy  gi'een .  Rare  in  marshes  near  Arm- 
strong. 

15.  Salix  cordata  Muhl.  Heart-leaved  or  Pussy  Willow.  A 
straggling  shrub  five  to  twelve  feet  high,  very  common  in 
clumps  along  streams  and  on  low  prairies.  Of  no  economic 
value.  The  closely  allied  S.  missouriensis  Bebb,  occurs  at  Oko- 
boji,  Dickinson  county. 

16.  Salix  myrtilloides  L.  Bog  Willow.  This  is  a  beautiful 
little  shrub  about  two  feet  high.  A  large  patch  of  it  occurs  in  a 
marsh  three  miles  north  of  Armstrong,  the  only  locality  known 
in  the  state.  It  ranges  from  New  Jersey  to  Iowa  and  north- 
ward into  British  America,  and  is  also  common  in  northern 
Europe,  being  the  only  Iowa  willow  native  to  both  the  Old  and 
the  New  World. 

BETULACEuE. 

17.  Ostrya  virginiana  Walt.  Hop  Hornbeam.  Iron  wood. 
This  small  tree  is  easily  recognized  by  its  hop-like  fruit.  Its 
very  hard  wood  is  useful  for  various  purposes,  like  the  hickory. 
Though  very  common  in  woods  with  us,  it  never  attains  much 
size. 

18.  Corylus  americana  Walt.  Hazelnut.  This  low  shrub  is 
much  less  common  in  this  region  than  in  the  eastern  and  south- 
ern parts  of  the  state.    It  is  found  rather  sparingly  on  the 
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borders  of  woods  or  along  river  bluffs.  Its  fruit,  ripe  in  August 
or  September,  is  eagerly  sought  by  the  children,  as  well  as  by 
their  friends,  the  squirrels  and  chipmunks. 

FAGACE^. 

'  19.  Quercus  rubra  L.  Red  Oak.  This  oak,  which  becomes  a 
large  forest  tree  in  more  favored  localities,  seldom  attains  any 
considerable  size  in  this  region.  It  is  frequent  in  the  woods 
near  E?therville.  Though  a  very  pretty  tree,  it  does  not  pos- 
sess much  value  except  as  fuel. 

t.?0.  Quercus  macrocarpa  Michx.  Bur  Oak.  This  is  our 
t^ardiest  tree  as  well  as  our  commonest  hard-wood  species.  It 
varies  from  a  large  tree  in  favored  localities,  to  a  gnarled  and. 
straggling  shrub  on  the  river  bluffs  and  the  outskirts  of 
the  woods.  Single  trees  are  occasionally  found  at  long  dis- 
tances from  any  other  timber  where  they  have,  sentinal-like, 
withstood  the  buffetting  storms  for  centuries. 

Like  all  the  oaks  it  cannot  be  transplanted  successfully,  unless 
atgreajt  expense,  and  for  this  reason,  as  well  as  because  of  its 
slow  growth,  it  is  not  used  in  cultivation.  The  wood  is  hard, 
strong  and  close-grained  and  is  very  valuable  for  fence  posts 
and  fuel.  The  white  oak  does  not  occur  in  this  county,  its 
nearest  station  being  at  Algona  twenty  miles  southeast  of  our: 
limits. 

VLU  ACE  JE 

21.  Ulmus  americana  L.  White  or  Water  Elm.  This  ld.rge 
tree  is  very  common  along  large  streams,  and  is  our  most  val- 
uable native  species  for  a  shade  tree  along  streets  and  around 
dwellings.  It  is  perfectly  hardy,  and  its  tough,  wiry  branches 
withstand  the  wind  remarkably  well.  Its  wood,  quite  valuable 
for  fuel,  is.  diflBcult  to  split. 

22.  Ulmus  fulva  Michx,  Slippery  Elm,  Red  Elm.  A  smaller 
tree  than  the  preceding,  and  comparatively  rare  in  this  region. 
The  wood  is  stronger  and  more  durable  than  that  of  the  'white 
elm.  The  mucilaginous  inner  bark  is  often  chewed  by 
children,  and  is  used  to  some  extent  in  medicine. 
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Ulmus  alata  Michz.  The  Winged  Elm  has  been  found  in 
Dickinson  county  by  Prof.  T.  H.  Macbride. 

28.  Celtis  occidentalis  L.  Hackberry.  This  large  tree  attains 
only  a  medium  size  with  us.  It  occurs  scattered  through  woods 
and  along  river  banks,  and  shores  of  lakes.  The  tree  has  the 
aspect  of  the  elm.  Its  small,  berry-like  fruit,  ripe  in  August, 
is  said  to  be  sweet  and  edible.  The  wood  is  weak  and  coarse 
grained. 

SAXIPRAGACEi£. 

24.  Eibei  cynosbati  L.  Gooseberry.  This  species  occurs  in 
the  woods  west  of  Estherville,  but  is  much  less  common  than 
the  next.    Its  fruit  is  quite  large  and  covered  with  prickles. 

25.  Bibes  gracilis  Michx.  Gooseberry.  This  smooth-fruited 
shrub  is  very  common  and  is  sometimes  transplanted  to 'gar- 
dens. The  fruit,  which  when  ripe  is  very  pleasantly  flavored, 
is  occasionally  offered  for  sale  in  the  market. 

26.  Ribes  Jloridum  L'Her.  Wild  Black  Currant.  This  is  a 
very  common  shrub  in  low  woods  and  along  the  banks  of 
streams.  The  fruit  has  a  flavor  similar  to  the  black  currant 
of  the  gardens,  and  is  liked  by  some  persons.  The  bush  is 
handsome  when  in  bloom,  and  should  be  used  for  ornamental 
purposes. 

RQSACEi£. 

27.  Spiraea  salicifolia  L.  Meadow-sweet.  This  beautiful 
little  shrub,  two  to  four  feet  high,  is  very  common  on  low 
prairies  and  along  streams.  Its  graceful  panicle  of  white  or 
rose-tinted  flowers  makes  a  pretty  sight.  It  is  scarcely  inferior 
to  some  of  the  cultivated  species. 

28.  Rubus  strigosw  Michx.  Wild  Ked  Raspberry.  Frequent 
in  woods.  The  light  red  fruit  is  very  pleasant  to  the  taste. 
This  species  is  the  original  of  the  Cuthbert  raspberry  of  culti- 
vation. 

29.  Rubus  occidentalis  L.  Wild  Black  Raspberry.  A  com- 
mon species  in  woods,  the  original  of  the  ''black  cap."  The  arti- 
ficial groves  contain  many  of  these .  black  raspberries  which 
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have  grown  from  seeds  dropped  by  the  birds,  and  it  is  impos- 
sible to  distinp^uish  between  those  derived  from  the  wild  and 
the  cultivated  stock. 

30.  Rubus  villoaus  Ait.  Blackberry.  A  few  plants  of  this 
species  were  foand  twenty-two  years  ago  in  the  woods  west  of 
Estherville,  bnt  they  have  probably  disappeared  before  this. 
These  three  species  of  bramble  are  not  true  shrubs,  the  stems 
being  biennial. 

31.  Rosa  hlanda  Ait.  Wild  Rose.  This  pretty  shrub,  two  to 
four  feet  high,  is  restricted  to  the  woods  and  river  banks.  Its 
stems  are  only  sparingly  armed  with  prickles,  the  leaflets  are 
usually  three  to  five  in  number.  Those  who  love  our  wild 
flowers  as  nature  left  them,  will  find  this  a  desirable  shrub  for 
cultivation. 

32.  Rosa  arkansana  Porter.  Prairie  Rose.  The  small  wild 
rose,  so  common  everywhere  on  our  prairies,  is  this  species. 
The  stems  densely  covered  with  prickles  are  far  from  pleasant 
to  handle  when  bound  in  a  bundle  of  grain.  The  roots  are  so 
deep  seated  that  only  very  deep  plowing  and  the  most  thorough 
cultivation  will  destroy  them.  It,  however,  does  little  harm 
in  our  fields,  and  one  can  readily  forgive  a  few  scratches  foi 
the  pleasure  of  seeing  its  beautiful  flowers  at  his  feet  as  he 
labors,  showing  every  shade  of  color  from  pure  white  to  the 
deepest  red  and  crimson. 

POMACES. 

33.  Malm  ioensis  (Wood)  Bntion,  {Pyrus  ioensis  Bailey).  Wild 
Crab  Apple.  This  small  tree,  now  considered  distinot  from  the 
form  occurring  in  the  eastern  states,  is  found  but  rarely  in  this 
region.  When  in  full  bloom  one  could  scarcely  wish  a  prettier 
sight,  and  for  this  reason,  as  well  as  for  its  bright  foliage,  it  is 
a  desirable  ornamental  tree,  although  it  is  somewhat  difScult 
to  transplant  from  the  woods.  The  fruit  is  pleasantly  scented, 
and  very  acid. 

34.  Amelanchier  alnifolia  Nutt.  Serviceberry.  This  pretty 
shrub,  four  to  eight  feet  tall,  is  found  on  bluffs  along  lakes,  and 
in  high  woods.  The  fruit,  ripe  in  June,  is  very  pleasantly 
flavored,  and  seems  to  be  liked  equally  well  by  birds  and  people. 
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35.  Cfatcegus  punctata  Jacq.  Hawthorn.  This  small  tree  is 
quite  common  in  the  woods  around  Iowa  lake.  The  large  red 
fruit  is  not  unpleasant  to  the  taste. 

36.  Gratcegus  coccinea  L.  Scarlet  Thorn.  This  is  our  most 
common  hawthorn,  or  thorn  apple.  This  beautiful  small  tree 
or  shrub  is  found  in  thickets,  and  occasionally  in  artificial 
groves  where  it  has  evidently  been  introduced  by  birds.  It  is 
also  sometimes  seen  in  cultivation  for  which  purpose  it  is  well 
suited. 

37.  Cratcegus  mollis  (T.  &  G.)  Scheele  (C.  subvillosa  Schrad). 
Hawthorn.  Thorn  Apple.  Woods,  rather  rare.  The  broad 
leaves  are  very  soft  to  the  touch,  especially  when  young.  The 
large  red  fruit  is  not  unpleasant  to  the  taste.  This  is  also  a 
desirable  tree  in  cultivation.  In  later  yeai's  so  many  new  species 
have  been,  segregated  from  the  few  formerly  recognized  that 
the  three  given  here  may  include  several  of  the  new  species, 
but  in  the  present  unsettled  condition  of  the  genus  it  seems 
best  to  await  further  developments  before  attempting  to,  pro- 
long this  list. 

DRUPACE^. 

38.  Prunus  americana  M,B,Ysh.  Wild  Plum.  This  is  a  shrub 
or  small  tree  with  a  profusion  of  small  thorns.  Though  often 
cultivated,  it  does  not  bear  much  fruit  after  a  few  years.  The 
large  yellow  or  red  fruit  is  very  much  desired  for  canning  and 
jelly,  and  formed  an  important  addition  to  the  few  luxuries  of 
the  early  settlers  before  the  introduction  of  other  fruits.  The 
tree  is  very  common  throughout  the  state,  preferring  the  mar- 
gins of  the  woods  or  the  dry  banks  of  lakes  and  streams, 

39.  Prunus  virginiana  L.  Choke  Cherry.  This  is  a  shrub 
six  to  eight  feet  high,  growing  in  clumps  in  open  woods,  or  on 
bluffs  along  streams  and  lakes.  It  is  troublesome  in  cultiva- 
tion as  it  spreads  very  readily  by  the  roots.  The  fruit  is  nearly 
black  and  very  astringent. 

40.  Prunus  serotina  Ehrh.  Wild  Red  Cherry.  This  tree 
which  attains  a  very  large  size  in  the  eastern  states,  occurs 
sparingly  in  the  woods  west  of  Estherville,  where  it  is  quite 
small,  attaining  a  height  of  ten  to  twenty  feet.     The  strong 
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reddish-brown  wood  of  this  species  is  very  valuable  in  cabinet 
making.  The  fruit,  which  is  a  dark  red,  and  only  slightly 
astringent,  is  occasionally  used  for  food. 

PAPILIONACE^. 

41.  Amorpha  frtificosa  L.  False  Indigo.  A  shrub  six  to 
eight  feet  tall,  common  in  open  woods  and  along  streams. 

42.  Amorpha  nana  Nutt.  {A.  microphylla  Pursh.)  False 
Indigo.  A  very  beautiful  little  shrub  growing  in  clumps  and 
common  on  the  prairies  of  northwestern  Iowa.  In  its  small 
leaves,  their  color  and  surface,  and  the  general  appearance  of 
the  shrub,  it  bears  a  close  resemblance  to  the  box.  The  numer- 
ous spikes  of  flowers  appear  in  May  or  June  and  are  very 
showy.    The  plant  would  seem  to  be  worthy  of  cultivation. 

43.  Amorpha  canescens  Pursh.  Lead  Plant.  Shoe-String. 
This  is  a  shrubby  plant  about  two  feet  high,  with  spikes  of 
bright,  indigo-blue  flowers,  which  are  very  pleasantly  scented. 
The  strong  roots  offer  considerable  resistance  to  the  breaking 
plow,  whence  the  popular  name  shoe-string.  It  grows  very 
commonly  on  rather  dry  prairies  and  borders  of  woods. 

44.  Rohinia  pseudacacea  L.  Locust  Tree.  This  ornamental 
tree  from  the  Atlantic  states  is  frequent  in  cultivation,  and  has 
escaped  in  a  few  places.  Its  wood  is  said  to  be  very  durable 
for  posts. 

RUTACE^. 

45.  Xanthoxylum  americanum  Mill.  Prickly  Ash.  This  pretty 
shrub  or  small  tree  is  quite  common  in  thickets  and  occasionally 
introduced  by  birds  into  artificial  groves.  Its  pinnate  leaves 
and  mature  capsules,  displaying  the  shining  black  seeds  are 
very  pretty,  but  the  numerous  prickles  on  twigs  and  petioles 
are  a  serious  objection. 

ANACARDIACE^. 

46.  Rhus  hirta  (L.)  Sudw.  {R.  typhina  L.)  Staghorn  Sumac. 
This  is  our  rarest  and  handsomest  species.  Only  a  few  shrubs 
have  been  found  on  the  river  bluffs  southwest  of  Armstrongs 
-and  near  Iowa  lake.    The  graceful,  fern-like  leaves,  as  well  as 
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the  bright  crimson  foliage  and  frutt  in  autumn,  make  it  a  desir- 
able plant  for  cultivation.  Its  only  drawback  is  its  liability  to 
spread  by  the  roots. 

47.  Rhus  glabra  L.  Smooth  Sumac.  Common  everywhere 
near  woods  and  on  the  bluffs  along  lakes  and  rivers.  It  id 
almost  as  pretty  a  shrub  as  the  preceding.  The  showy  fruit, 
ripe  in  autumn,  is  covered  with  short,  red,  acid  hairs. 

48.  Rhus  radicans  L.  Poison  Ivy.  In  this  locality  this  plant 
only  occurs  as  a  low  shrub,  one  to  two  feet  high.  The  leaflets 
are  in  threes,  and  the  clusters  of  dry,  whitish  berries  are  car- 
ried on  the  plant  all  winter.  It  is  very  poisonous  to  most  peo- 
ple, and  for  this  reason  should  be  destroyed,  especially  if  found 
around  dwellings.  It  should  not  be  confounded  with  the  beau- 
tiful Virginia  creeper,  which  is  also  very  common.  The  latter 
always  has  the  leaflets  in  fives.  The  climbing  form  of  the  poi- 
son ivy  probably  does  not  occur  in  this  part  of  the  state. 

CBLASTRACE.^ 

49.  Euonymus  atropurpureus  L.  Wahoo.  Burning  Bush.  A 
shrub  or  small  tree,  very  rare  here,  having  been  found  only  in 
the  woods  near  Estherville.  When  the  capsules  open  in 
autumn,  displaying  the  dark  colored  seeds  in  their  red  setting, 
the  plant  is  highly  ornamental. 

50.  Celastrus  scandens  L.  Climbing  Bittersweet.  This 
beautiful  woody  vine  climbs  trees  to  the  height  of  ten  to 
twenty  feet.  When  the  seeds  are  displayed  in  autumn  in  their 
scarlet  arils,  they  are  very  attractive,  and  are  much  used  for 
house  decoration  in  winter.  The  vine  is  more  commonly  found 
in  thickets  and  is  also  occasionally  seen  in  artificial  groves 
where  it  has  probably  been  introduced  by  birds.  Both  this  and 
the  preceding  species  are  frequently  oultivated. 

STAPH  YL.EACB2E. 

51.  Staphylea  trifolia  L.  Bladder  Nut.  A  shrub  about  four 
to  eight  feet  high  with  pretty,  trifoliate  leaves,  and  seeds  en- 
closed in  bladder-like  capsules.  It  was  found  only  in  one  place 
in  the  woods  west  of  Estherville,  and  is  probably  very  rare  in 
this  region. 
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A.C  B  R  AC  Bi£  • 

52.  Acer  saccharinum  L.  {A,  dasycarpum  Ehrh).  Soft  Maple. 
This  tree  is  native  along  both  the  East  and  West  Forks  of  the 
Des  Moines  river,  bat  is  much  more  common  in  cultivation.  It 
is  one  of  our  most  useful  and  rapidly  growing  shade  trees,  and 
worthy  of  much  more  attention  than  it  receives.  Planted  in 
a  hedge  for  a  windbreak  it  does  very  good  service,  growing 
when  planted  closely,  tall  and  slender,  like  the  white  willow. 
Planted  along  the  road,  or  on  the  lawn,  it  will  assume  very 
fine  proportions  if  properly  pruned.  When  given  plenty  of 
room  it  is  a  very  rapid  grower,  and  its  branches  are  somewhat  eas- 
ily broken  by  the  wind,  but,  if  after  the  trees  have  attained  a 
height  of  ten  to  twelve  feet,  a  heavy  blue-grass  sod  is  allowed 
to  form  around  them  the  growth  will  be  suflBciently  retarded 
to  render  the  wood  much  tougher,  and  less  liable  to  injury. 
The  tree  is  remarkably  free  from  insect  enemies.  The  wood  is 
quite  valuable  for  fuel,  but  is  of  little  value  for  posts,  as  it 
decays  rapidly  when  placed  in  contact  with  the  soil.  The  trees  are 
best  raised  from  seed,  planted  a  few  inches  apart  in  rows  which 
are  at  a  sufficient  distance  from  each  other  to  allow  of  thorough 
cultivation.  Young  trees  are  easily  transplanted  to  their  per- 
manent location  when  five  or  six  feet  high,  which  will  be  in 
about  three  years. 

53.  Acer  nigrum  Michx.  Black  Sugar  Maple.  Common  on 
high  ground  in  woods  near  Iowa  lake  and  Estherville.  It  is  a 
most  beautiful  tree,  and  is  valuable  for  its  strong,  close-grained 
wood..  As  a  shade  tree  for  lawns  and  parks  it  is  very  much 
admired,  but  seems  prone  to  die  in  the  top  when  transplanted 
to  our  heavy  prairie  soil.  The  trees  in  this  region  are  mostly 
small  in  size  and  have  been  used  very  little  for  the  purpose  of 
making  maple  sugar. 

54.  Acernegundo  L.  {Negundo  aceroides  Moench.)  Box  Elder. 
A  small  tree,  very  common  along  streams,  which  is  destined, 
now  that  the  days  of  prairie  fires  are  ended,  to  play  an  impor- 
tant.part  in  lining  their  banks  with  timber.  The  tree  is  not  a 
desirable  one  for  planting  on  the  lawn  or  along  the  street 
because  of  its  low  branches  and  bushy  appearance,  as  well  as 
its  liability  to  be  infested  by  a  species  of  bug  marked  with  red^ 
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known  as  the  Indian  bug,  which  often  gather  on  it  in  great 
numbers  and  enter  houses  to  the  great  annoyance  of  tidy 
housewives.    Its  wood  is  of  some  value  for  fuel. 

RHAMNACE^. 

55.  Ceanothus  americanus  L.  New  Jersey  Tea.  Red  Boot. 
This  beautiful  little  shrub,  one  to  two  feet  high,  grows  in  dry 
soil  on  prairie  hillsides,  and  on  the  border  of  woods.  It  is 
easily  destroyed  by  pasturage  or  cultivation,  and  is  rapidly  dis- 
appearing. 

VITACE-ffi. 

56.  Vitis  vulpina  L.  {V.  riparia  Michx.)  Wild  Grape.  This 
shrubby  vine  is  very  common  in  low  woods,  especially  along 
streams.  The  acid  fruit,  ripe  in  September,  is  largely  gathered 
for  making  wine  and  jelly.  It  is  becoming  very  plentiful  in 
the  artificial  groves  where  its  seeds  have  been  left  by  the  birds. 
It  is  extremely  hardy  and  stands  the  cold  of  our  severest 
winters  without  injury. 

57.  Parthenocissus  quinquefolia  (L.)  Planch.  {Ampelopsis  quin- 
quefolia  Michx.)  Virginian  Creeper.  This  beautiful  climbing 
vine  is  perfectly  hardy  and  is  worthy  of  extensive  cultivation. 
Its  leaflets  are  in  fives  which-at  once  distinguishes  it  from  those 
of  the  poison  ivy  which  are  in  threes.  The  black  berries  and  crim- 
son leaves  in  autumn  add  still  more  to  its  atttractiveness.  By 
the  means  of  adhering  disks  at  the  end  of  its  tendrils,  it  readily 
climbs  the  side  of  a  building  without  other  support.  Common 
everywhere  in  woods,  it  is  rapidly  being  introduced  into  arti- 
ficial groves  by  the  birds. 

TILIACEiE. 

58.  Tilia  americana  L.  Basswood,  American  Linden.  This 
handsome  tree,  native  along  streams,  prefers  soil  not  too  low, 
but  where  its  roots  can  secure  an  abundance  of  moisture.  The 
sweet-scented  flowers  are  great  favorites  with  the  bees.  It  is  a 
desirable  tree  for  the  lawn  wherever  some  shelter  from  heavy 
winds  is  afforded.  Its  soft  wood  is  quite  valuable  for  fuel,  and 
in  early  days  many  of  the  larger  trees  were  sawed  into  lumber. 
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CORNACE^. 

59.  Cornus  circinata  L'Her.  Roand-leaved  Dogwood.  This 
pretty  shrub,  four  to  ten  feet  high,  grows  in  clumps  on  river 
banks,  but  is  not  common.  Its  broad,  thin  leaves  at  once  dis- 
tinguish it  from  our  other  species  of  the  genus. 

60.  Cornus  asperifolia  Michx.  Rough-leaved  Dogwood.  This 
small  shrub  occurs  iu  woods  near  Iowa  lake,  and  Armstrong 
Orrove  and  is  probably  frequent  in  this  portion  of  the  state. 

61.  Cornus  stolonifera  Michx.  Dogwood.  This  pretty  little 
shrub  with  reddish  purple  twigs  grows  in  dense  clumps  along 
streams.    It  is  not  so  common  as  the  next  species. 

62.  Cornus  candidissima  Marsh.  {C.paniculata  L'Her.)  Dog- 
wood. Our  commonest  species,  everywhere  along  lakiB  shores 
and  water  courses  where  other  timber  is  found.  This  shrub 
has  white  fruit. 

63.  Cornus  alternifolia  L.  Alternate-leaved  dogwood.  This 
is  our  largest  species  of  the  genus,  being  a  tall  shrub,  or  small 
tree.  It  occurs  sparingly  along  the  south  bank  of  the  Des 
Moines  near  Armstrong,  and  in  the  woods  west  of  Estherville. 

OLEACEiS. 

64.  Fraxinus  lanceolata  Borck.  {F.  viridis  Michx.)  Green 
Ash.  This  is  one  of  our  most  valuable  native  trees;  every- 
where common  along  the  larger  streams  and  lake  shores.  Its 
rapid  growth  and  strong,  durable  wood  make  it  a  valuable  tree 
for  planting  in  grove  or  lawn.  It  was  very  largely  used  for 
fuel  by  the  early  settlers,  as  well  as  for  supports  for  the  hay 
sheds  which  were  the  barns  of  the  pioneers.  It  bears  trans- 
planting to  the  prairie  soil  remarkably  well  and  is  reasonably 
free  from  injury  by  wind-storms  and  insect  enemies.  The 
white  ash,  a  larger  and  more  valuable  species,  has  not  been 
found  within  our  limits. 

CAPRI  FOLIAGES. 

65.  Sambucus  canadensis  L.  Black  Elderberry.  This  pretty 
shrub,  so  common  in  the  Eastern  states,  is  occasionally  found 
in  our  woods  where  it  is  undoubtedly  native.     It  is  often  trans- 
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planted  to  gardens  for  the  sake  of  its  graceful  shape,  and  its 
berries,  which  are  used  for  pies.  The  red-berried  elder  (S, 
pubens  Michx.)  occurs  twelve  miles  north  of  our  county  line,  in 
southern  Minnesota. 

66.  Viburnum  pubescens  (Ait.)  Pursh.  Arrowwood .  This  is  a 
low,  branching  shrub,  with  nearly  blackberries.  It  occurs  in 
the  woods  west  of  Estherville. 

67.  Viburnum  lentago  L.  Nanny  Berry,  Sheep  Berry,  Black 
Haw.  This  pretty  shrub  is  frequent  in  woods,  preferring  high 
banks  near  water.  Its  flowers  are  very  attractive  in  May;  its 
fruit,  ripe  in  October,  is  edible  and  much  liked  for  its  peculiar 
shape,  and  pleasing  flavor.  It  is  a  near  relative  of  the  snow 
ball  of  the  gardens. 

68.  Symphoricarpus  occidentalis  Hook.  Wolf-berry.  A  neat 
little  shrub,  very  common  in  open  woods,  and  occasionally  on 
gopher  knolls  on  the  prairie.  The  clusters  of  pretty,  whitish 
flowers  are  succeeded  in  August  by  the  white  berries  which 
remain  long  after  the  leaves  have  fallen. 

69.  Lonicera  dioica  L.  (L.  glauca  Hill.)  Honeysuckle.  The 
only  true  honeysuckle  found  in  this  county.  It  occurs  in  open 
woods,  and  is  worthy  of  cultivation.  If  planted  alone  it  is  self- 
supporting,  but  it  usually  twines  around  shrubs  or  other  sup- 
ports when  they  are  within  reach.  The  plant  in  the  woods 
commonly  called  honeysuckle  by  the  children,  is  a  species  of 
columbine  {Aquilegia  canadensis  L.) 

It  thus  appears  that  there  is  hardly  a  woody  plant  in  north- 
western Iowa  but  that  is  worthy  not  simply  of  preservation, 
but  of  cultivation  as  well,  at  the  hands  of  the  intelligent 
farmer.  It  is  hoped  that  even  the  preceding  list  may  serve  to 
awaken  renewed  interest  in  this  part  of  the  natural  resources 
of  our  country,  and  that,  in  consequence,  each  succeeding  year 
may  see  increasing  numbers  of  our  people  surrounding  their 
homesteads  with  native  trees  and  shrubs,  alike  to  their  own 
enjoyment  and  comfort  and  to  the  advancement  of  our  com- 
mon prairie  home. 
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INTBODUOTION. 

LOCATION  AND  AREA. 

Jasper  county  is  in  the  fourth  tier  of  counties  from  the 
southern  and  in  the  sixth  from  the  northern  border  of  the  state 
occupying  a  central  position  from  the  east  and  west.  It  is 
larger  than  the  ordinary  interior  Iowa  county  and  is  bounded 
by  six  surrounding  counties.  Story  and  Marshall  lie  to  the 
north,  Poweshiek  to  the  east;  Maskaska  and  Marion  bound  it  on 
the  south;  and  Polk  county  is  the  western  boundary.  It  includes 
twenty  congressional  townships,  in  tiers  of  five  townships  east 
and  west  and  four  north  and  south.  The  lower  tier  has  an  off- 
set to  the  east  of  approximately  one-half  mile  by  a  correction 
line,  and  is  divided  into  four  civil  townships  whose  boundaries  are 
somewhat  irregular  on  account  of  the  diagonal  course  of  Skunk 
river.  The  three  eastern  members,  viz.,  Washington,  Mound 
Prairie  and  Palo  Alto,  of  the  second  tier  from  the  south,  like- 
wise vary  in  size  from  the  standard  of  thirty-six  sections.  The 
county,  therefore,  embraces  an  area  of  seven  hundred  and 
twenty  square  miles  and  contains  a  little  less  than  one-half 
million  acres. 

HISTORY  AND  PREVIOUS  GEOLOGICAL  WORK. 

The  name  Jasper  was  given  to  the  area  under  consideration, 
and  its  present  boundaries  established,  in  1846,  some  months 
before  the  admission  of  Iowa  as  a  state.  It  was  named  after 
Sergeant  Jasper  of  Revolutionary  fame,*  and  was  included  in 
the  "New  Purchase'^  ceded  to  the  government  by  the  Sacs  and 
Foxes  in  1842.  By  the  terms  of  this  treaty,  white  men  were 
allowed  to  enter  the  acquired  territory  in  May,  1843,  and  in  this 
year  the  first  settlement  was  made  at  the  present  location  of 
the  town  of  Monroe.  The  present  county  seat  was  located 
early  in  1846  and  surveys  of  the  county  were  completed  in  184?.t 
No  record  is  found  of  geological  observations  in  the  county 
previous  to  the  work  of  the  oflBcial  survey  by  James  Hall,  pub- 

*MoU««:    Pl«li*tooeue  Hlfitory  of  NortheMtern  lows,  11th  Ann.  Bep.  U.  B.  O.  B..  p.  808. 
f  These  hlaitoiical  faotM  were  gleftned  largely  from  * 'History  of  Jasrer  County"  by  Western 
HimoiioalOo.,  Chicago.  1878. 
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lished  in  1858*.  In  this  report  mention  is  made  of  exposures 
of  Carboniferous  rocks  on  Rock  creek  and  North  and  South 
Skunk  rivers,  and  of  the  fact  that  the  Coal  Measures  underlie 
essentially  the  whole  of  Jasper  county.  Brief  descriptions  of 
the  coal  mines  west  of  Newton  are  also  included,  the  Slaughter 
coal  bank  near  the  present  town  of  Colfax  having  then  been 
worked  for  several  years. 

The  final  reportf  of  the  next  authorized  geological  survey  of 
the  state,  that  by  Charles  A.  White,  published  in  1870,  contains 
a  reference  to  the  coal  mines  west  and  south  of  Newton,  and 
the  prediction  was  made  that  large  supplies  of  coal  could  be 
relied  upon  for  the  future. 

.  The  State  Mine  Inspectors'  reports  from  1880  to  the  present 
time  contain  much  information  concerning  the  coal  mining 
industry  of  the  county. 

McGee:}:,  in  'Tleistocene  History  of  Northeastern  lowa'^ 
describes  the  surface  features  and  character  of  the  superficial 
drift  deposits  of  this  area.  Brief  mention  is  also  made  of  the 
irregular  bedding  and  arenaceous  character  of  the  Carbonifer- 
ous strata. 

Since  the. organization  of  the  present  survey,  geological  work 
has  been  carried  on  in  Marshall  and  Story  counties  to  the  norths 
Polk  to  the  west  and  in  Marion  county  to  the  south.  The  re- 
sults of  these  investigations  have  been  published  in  the  Annual 
volumes  of  the  Geological  Survey.^} 

Much  information  regarding  the  Coal  Measures  and  the  coal 
mining  industry  is  contained  in  Dr.  Keyes'  report  on  the  "Coals 
of  Iowa".  II  Data  on  the  deep  wells,  and  especially  the  mineral 
water  wells  at  Colfax,  are  included  in  Professor  Norton's  report 
on  the  "Artesian  Waters  of  lowa".*^  A  report  on  the  clay 
interests  of  the  county  is  embraced  in  Volume  XIV  of  the 
Annual  Reports  of  the  Iowa  Geological  Survey.** 


*  Gtool.  Bnrv.  Stato  of  Iowa,  Vol  I.  pt.  1,  pp.  208  and  878,  1858. 

4-  Geol.  Surv.  State  of  Iowa.  Vol.  II,  p.  262,  187a 

X  nth  ▲nn.  Bep.  U.  8.  Q.  8..  pp.  228,  811,  506. 

$aeolog7  of  Marshall  County,  a  W.  Beyer.  Iowa  Geol.  Snrv.,  Vol.  VII,  p.  190. 
Geology  of  Story  Ooanty,  8.  W.  Beyer,  Iowa  GeoL  Surv. ,  Vol.  IX,  p.  166b 
Geology  of  Polk  Oonnty,  H.  F.  Bain,  Iowa  GeoL  Snry.,  Vol.  VII,  p.  805. 
Geology  ef  Marlon  County,  B.  L.  Miller,  Iowa  Geol.  Surv.,  Vol.  XI,  p.  127. 

llOoakof  Iowa,  Ann.  Bep.  Iowa  GeoL  Sonr.,  VoL  II,  pp.  294-50e. 

^Artesiah  Wells  of  Iowa,  Iowa  Geol.  Sorr.,  VoL  VI,  pp.  288^L 

**01ayiof  Iowa,  lowaGtooL  Snnr..  VoL  XIV. 
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PHYSIOQSAPHY. 

TOPOGRAPHY. 

General  Features* — The  surface  configuration  of  Jasper 
county  is  to  be  attributed  almost  wholly  to  the  glacial  drift! 
The  topographic  features  are  those  resulting  from  the  action 
of  weathering  and  erosive  agents  on  this  superficial  deposit, 
the  drift  materials  respond  comparatively  readily  to  the  cut- 
ting of  streams,  so  that,  although  these  deposits  are  geologically 
not  old,  the  county  in  general  is  well  drained  and  the  land 
forms  are  those  moulded  largely  by  water  action.  This  state- 
ment holds  good  for  the  major  portion  of  the  county  but 
would  scarcely  be  applicable  in  its  strictest  sense  to  the  small 
area  of  Wisconsin  drift  in  the  northwest  corner.  In  this  area, 
covering  parts^  of  Clear  Creek,  Poweshiek  and  Washington 
townships,  drainage  is  imperfect  and  the  land  surface  still 
retains  the  characteristic  imprint  of  the  ice  moulding  of  the 
last  great  glacier. 

The  remainder  of  the  county  is  covered  by  the  Eansan  drift 
which  is  responsible  for  the  general  outlines  of  the  surface 
features.  It  is  true  that  the  Eansan  is  entirely  overlain  by  the 
loess,  but  this  last  deposit  has  conformed  with  such  fidelity  to 
the  contours  of  the  pre-existing  surface  that  the  drift  is  to  be 
considered  the  determining  factor.  Exceptions  to  this  are 
occasionally  met,  as  in  the  case  of  the  sand  hills  along  the 
Skunk  river;  and  a  few  points  along  this  river  where  the  out- 
cropping Coal  Measures  give  character  to  the  topography. 

We  may  therefore  separate  the  county  into  two  parts  based 
on  the  character  an(i  age  of  its  topographic  features.  The  Kan- 
san  drift  area,  a  mature  topography;  and  the  Wisconsin  drift, 
a  region  of  comparative  youth. 


*  The  fturfaoe  features  of  Jasper  oonnty  are  treated  in  a  general  way  in  Pleistocene  History  o 
Northeastern  Iowa,  11  Ann.  Rep.  U.  8.  Q.  & .  pp.S88-22S. 


284 


OBOLOOY  OF  JASPER  COUNTY. 


Kansan  drift  area. — The  characteristics  of  the  Eansan  drift 
topography  do  not  differ  here 
from  Marshall  county  to  the 
north  and  Marion  to  the  soath, 
which  have  been  described  by 
Beyer  and  Miller  respectively. 
So  universally  is  this  drift  cov- 
ered with  the  loess  that  the 
contours  are  today  largely  ex- 
pressed in  this  pebbleless,  silty 
material.  It  might  thus  be 
appropriately  designated  loess- 
Eansan  topography,  since  the 
relief  of  the  county  is  due  to 
erosion  in  the  drift  itself,  while 
the  conspicuous  features  are 
generally  attributable  to  the 
mantle  of  loess. 

Essentially  nine-tenths  of 
the  county  is  included  in  the 
loess-Eansan  area.  In  this 
territory  the  extreme  range 
between  points  whose  eleva- 
tion is  accurately  known^is  810 
feet.  The  level  divide  on 
whicji  Newberg,  and  to  the 
north,  Oilman,  in  Marshall 
county,  are  located,  has  an  alti- 
tude of  1,060  feet  above  the 
sea.  The  elevation  of  Prairie 
City,  which  is  likewise  built  on 
a  flat  divide  separating  the 
Skunk  and  Des  Moines  river 
systems,  is  920  feet.  Lynn  ville 
has  an  elevation  of  938  feet. 
The  town  of  Collins,  some 
three  miles  over  the  line  in 
Story  county,  is  997  feet  above 
tide,  while  Monroe,  near  the 


^^^r.m^k 


Fio.  19.    Profile  of  (he  Ohloago,  Book  UlAnd  waA 
Peelflo  railroad  aoroie  Jasper  oonnty. 
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south  edge  of  Fairview  township,  Jasper  county,  has  an  altitude 
of  909  feet.  Skunk  river,  at  the  Chicago,  Rock  Island  &  Pacitic. 
crossing  is  753  feet,  which  is  the  lowest  recorded  point.  The 
general  slope  of  the  area  is  therefore  to  the  south,  and  the 
trend  of  the  major  streams  is  towards  the  southeast. 

The  relief  ranges  from  a  few  feet  on  the  level  divides,  which 
are  not  deeply  dissected  by  the  streams,  to  150  feet  or  more 
between  valley  floor  and  adjacent  hilltops  in  the  more  dis- 
sected areas.  Such  strong  relief  is  conspicuous  in  Rock  Creek 
township  where  Rock  creek  and  its  branches  have  cut  deeply 
into  the  drift.  Cherry  creek  in  Newton  township,  and  Clear 
and  Mud  creeks  in  Independence  and  Clear  Creek  townships 
have  also  deepened  their  valleys  to  such  an  extent  in  keeping 
pace  with  the  parent  streams  that  the  topography  in  these  parts 
is  decidedly  rugged.  Along  the  south  border  of  the  county  in 
Fairview  and  Des  Moines  townships  the  features  are  abrupt, 
but  the  relief  is  not  so  great. 

Viewed  broadly,  it  appears  that  the  surface  of  the  Eansan 
drift  after  the  retreat  of  the  glacier  was  a  fairly  level  plain. 
The  irregularities  found  today  are  those  only  that  would  result 
from  the  work  of  the  streams  in  developing  a  drainage  system, 
and  from  the  deposition  of  the  superficial  covering  of  loess. 
The  divides  which  separate  the  headwaters  of  the  members  of 
the  several  drainage  systems  represented  are  conspicuously  flat 
and  are  remnants  of  the  original  drift  plain.  Many  of  the  hills 
along  the  larger  streams,  and  especially  on  the  western  borders 
of  their  valleys,  are  flat  topped  and  the  general  aspect  of  the 
sky  line  is  that  of  an  interrupted  straight  line.  This  is  especi- 
ally noticeable  along  the  North  Skunk  river  in  Richland  town- 
ship, and  may  be  observed  at  many  other  points  along  this 
and  other  streams  in  the  county. 

The  general  levelness  of  the  drift  surface  has  been  in  places 
modified  by  the  loess  which  covers  it.  In  some  cases  its  in- 
fluence has  been  to  moderate  and  subdue  the  ruggedness  of  the 
strictly  erosional  surface.  In  others,  the  relief  has  been  exag- 
gerated. But  over  the  whole  of  the  Kansan  drift  area,  as  has 
been  noted,  the  chief  topographic  forms  existing  before  the  loess 
was  deposited  are  not  obscured,  but  rather  preserved.    It  is  to 
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be  observed  that  the  loess  is  present  as  a  continuous  mantle 
over  the  level  divides  as  well  as  a  capping  to  the  most  promi- 
nent hills,  and  a  veneer  extending  low  down  the  hillsides  into 
the  stream  valleys.  The  original  abruptness  is  thus  somewhat 
mellowed  and  a  characteristic  type  of  land  surface  developed. 
The  forms  have  a  rounded  and  pleasing  fullness  of  contour  that 
is  not  readily  mistaken. 

In  the  more  hilly  parts  of  this  area  the  bowldery  clay  of  the 
Kansan  is  frequently  found  outcropping  on  the  middle  slopes  of 
the  hills.  Its  angle  is  usually  different  from  that  maintained 
by  the  loess,  thus  causing  a  break  in  the  general  symmetrical 
outline  of  the  hill.  At  a  few  points  in  the  narrow  belt  of  Red 
Rock  sandstone,  which  extends  from  northeast  to  southwest 
nearly  across  the  county,  the  underlying  ledges  of  this  rock 
give  a  characteristic  stamp  to  the  surface  features.  This  is  es- 
pecially noticeable  along  the  north  border  of  the  North  Skunk 
valley  just  east  of  Kellogg,  and  the  west  boundary  of  Skunk 
river  west  of  Reasnor  southward  into  Fairview  township.  In 
the  mining  districts  where  the  coal-bearing  strata  frequently 
outcrop  along  small  streams  and  in  road  cuts,  and  where  the 
drift  is  thin,  the  argillaceous  sandstones  and  sandy  shales  are 
often  responsible  for  the  principal  elevations.  South  of  New- 
ton, in  Palo  Alto  township,  and  eastward  from  Monroe  in  Fair- 
view  and  Elk  Creek  townships  are  areas  notable  in  this 
particular. 

At  various  points  along  both  the  east  and  the  west  banks  of 
Skunk  river  valley  are  found  prominent  sand  hills  and 
ridges.  These  are  distributed  from  the  Wisconsin  drift 
area  in  Poweshiek  township  to  the  exit  of  the  river  from  the 
county  in  Elk  Creek  township,  but  are  more  numerous  to  the 
east  than  to  the  west  of  this  stream.  They  range  from  low, 
flattened  ridges  of  dune-like  character  that  stretch  out  into  the 
valley  itself,  to  the  more  prominent  elevations  that  form  the 
valley  walls.  The  sand  hills  are  universally  capped  with  loess 
sometimes  thin,  but  often  in  sufficient  amount  to  impart  to 
the  topography  the  characteristics  of  the  loess  bluffs  as  devel- 
oped along  the  Missouri  river.  In  places  the  sand  seems  to 
grade  upwards  into  the  loess.    The  importance  of  these  feat- 
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ures  is  great.  In  the  northeast  J  of  section  33,  Elk  Creek 
township  are  small  areas  of  shifting  sands.  The  roads  are 
everywhere  sandy  and  in  places  little  (lan  be  accomplished 
towards  tillage  of  the  land.  Again  in  the  south  part  of  section 
13  of  the  same  township,  south  of  Reasnor,  where  sand  has  been 
removedy  are  observed  tieids  which  the  shiftingsands  are  gradu- 
ally rendering  valueless.  Just  south  of  Colfax,  back  of  the  loess 
bluffs  on  which  a  portion  of  the  town  is  built,  are  areas  of  very 
sandy  loess  which  works  up  in  the  country  roads  and  makes 
traveling  anything  but  agreeable.  The  origin  of  these  sand 
deposits  will  be  spoken  of  under  Geological  Koi-mations. 


no.  20,     HDTtag  nndi  Id  ttie  raller  or  S 


it  teeUoa  18.  Klk  Greek 


A  discussion  of  the  topography  would  be  incomplete  without 
referring  to  the  river  valleysand  their  flood  plains.  They  appear 
to  be  features  of  post-glacial  development  largely.  All  of  the 
principal  streams  are  skirted  by  alluvial  flood  plains  of  greater 
or  less  width  and,  although  subject  to  occasional  inundation 
during  high  water,  afford  some  of  the  most  fertile  farming  land 
in  the  county. 
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lowan  drift  plain. — The  border  of  the  lowan  drift  as  located 
by  Dr.  Beyer  *  in  Marshall  county  lies  north  of  the  Iowa  river, 
and  only  the  northeast  corner  of  that  county  is  covered  by  the 
till  of  this  age.  Prof.  T.  E.  Savage  f  has  shown  that  a  considera- 
ble area  in  the  southern  part  of  Tama  county  is  to  be  included 
in  the  lowan  drift  plain  and  that  it  probably  extends  into 
southern  Marshall  and  southward  into  Poweshiek  county.  The 
plain  mapped  as  lowan  in  southwestern  Tama  county  is 
coextensive  with  the  flat  divide  on  which  Gitman  in  Marshall 
county  and  Newberg  in  Jasper  county  are  situated.  Topo- 
graphically this  region  appears  to  possess  the  characteristic 
lowan  surface.  Wherever  exposures  can  be  examined,  how- 
ever, it  is  found  to  be  covered  with  loess,  and  in  this  particular 
as  well  as  in  the  monotonous  level  of  its  surface,  is  not  differ- 
ent from  similar  stream  divides  in  other  parts  of  Jasper  county. 
To  the  south  and  west  where  the  plain  gives  way  to  the 
erosional  type  of  topography,  and  wherever,  in  the  plain  itself, 
sections  are  available^  the  material  beneath  the  loess  is  typical 
Kansan  drift. 

Aside  from  the  criterion  of  topography,  the  presence  of 
unweathered  granite  bowlders  is  regarded  as  confirmatory  of 
the  lowan  age  of  this  drift  plain  in  Tama  county.  The  large, 
fresh,  pink  and  grey  granites  are  especially  characteristic  of 
this  drift,  and  where  typically  developed  are  an  ever  present 
feature.  In  Jasper  county  bowlders  are  seldom  seen  except 
along  some  of  the  minor  stream  cuts  where  the  drift  underly- 
ing the  loess  outcrops  on  the  lower  slopes.  In  these  instances 
the  prevailing  type  is  the  red  granite,  and  from  position  alone 
is  presumably  genetically  related  to  undoubted  Kansan  drift. 
In  fact,  at  no  point  in  the  county  was  there  observed  a  drift 
section  which  presented  the  characteristic  facies  of  the 
lowan.  It  is  true  that  over  the  section  included  in  Hickory 
Grove  and  Mariposa  townships  more  outcropping  bowlders  can 
be  counted  than  over  any  other  of  equal  area  in  the  county; 
yet  only  in  a  single  instance  was  there  seen  one  of  such  unusual 
size  and  freshness  as  to  suggest  an  origin  other  than  the  Kansan 


•Iowa  Ueol.  Borr.,  Vol.  V£l . 
f  lowaOeol.  Sarv.,  Vol.  XIII. 
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drift,  with  which  it  appeared  to  be  associated.  Near  the  north- 
west corner  of  section  29,  Hickory  Grove  township,  is  a  coarse- 
grained, red  granite,  whose  dimensions  are  approz- 
imately  thirty  feet  long  by  twelve  feet  high  by  eleven  feet 
through  above  ground.  It  is  so  situated  on  the  slope  near  a 
sharp  gully  that  the  larger  portion  of  the  rock  may  yet  be 
below  the  si^.face.  Undoubted  Kansan  drift  is  exposed  in  the 
road  fifteen  to  eighteen  feet  above  the  bowlder.  In  species, 
dimensions  and  freshness  it  i«  very  unlike  those  characteristic 
of  the  Kausan,  and  it  seems  safe  to  relate  it  in  origin  with  the 


lowan  drift  sheet.  In  section  24,  Kellogg  township,  a  moder- 
ately targe,  red  granite  was  observed,  but  this  showed  the 
effects  of  weathering  to  such  a  degree  that  but  little  could  be 
concluded  as  to  its  age. 
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The  facts  at  hand  are  not  safficiently  definite  to  permit  of  the 
location  of  a  positive  border  to  the  lowan  in  Jasper  coanty. 
The  surface  features  are  not  sach  as  require  the  presence  of 
this  drift  to  account  for  them,  for,  as  has  been  shown,  areas 
similar  in  every  way  are  to  be  found  in  other  parts  of  the  county 
where  lowan  drift  would  be  out  of  the  question.  Sections 
through  the  loess  do  not  bring  to  light  at  any  point  drift 
materials  referable  to  the  lowan.  The  bowlders,  some  of  which 
are  in  species  and  condition  unlike  those  predominating  in  the 
Kansan  drift,  afford  the  strongest  evidence  of  the  possible  ex- 
tension of  the  lowan  ice  over  this  region.  It  should  also  be 
observed  that  the  pink  and  grey  granites  are  the  typical  bowl- 
ders of  the  lowan,  although  red  granites  are  known  to  occur. 
All  those  observed  in  Jasper  county  are  of  the  red  or  pink  va- 
riety. The  presence  of  the  bowlders  is  perhaps  best  explained 
by  attributing  them  to  the  lowan  glacier.  If  the  ice  once 
stood  over  this  area  it  was  in  all  probability  very  thin  and  the 
material  carried  small  in  amount.  Being  near  the  extreme 
limit  of  ice  movement,  wasting  may  have  progressed  so  far  that 
little  erosive  power  remained  and  the  transported  rock  detritus 
was  insu£5cient  to  exert  an  appreciable  influence  on  the  nature 
of  the  pre-Iowan  land  surface. 

Wisconsin  drift  area. — The  portion  of  the  county  whose 
topography  depends  upon  this  new  sheet  of  drift  is  compar- 
atively small.  The  features  which  it  exhibits  are  as  a  rule  not 
especially  pronounced,  in  which  respect  this  area  differs  from 
the  characteristic  development  of  the  Altamont  moraine  in  the 
north-central  and  northern  parts  of  the  state.  Although  the 
border  of  the  Wisconsin  ice  rested  here  during  the  period  of 
maximum  southern  extension  in  the  state,  morainal  features 
are  found  at  but  one  point.  This  is  in  the  south  part  of  Clear 
Creek  township,  sections  27  and  28,  33  and  24,  where  a  series  of 
kame-like  knolls  and  elongated  ridges  have  displaced  Indian 
creek  from  its  earlier  course.  The  thickness  of  the  ice  and  the 
amount  of  material  carried  appear  not  to  have  been  large. 

The  immature  nature  of  this  area  is  evidenced  by  the  pres- 
ence of  marshy  areas  with  occasional  ponds,  although  these 
characters  are  far  less  common  than  they  are  further  within 
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the  Wisconsin  drift  plain.  The  change  most  noticeable  in  pass- 
ing from  the  Kansan  drift  to  the  Wisconsin  drift  is  the  relative 
mildness  of  the  topography  of  the  latter.  The  loess  covered 
Kansan  is  deeply  incised  and  the  relief  is  considerable,  while 
over  the  Wisconsin  drift  these  erosional  features  have  been 
largely  obliterated  by  filling  and  leveling,  thus  leaving  a  more 
level  surface.  This  is  especially  noticeable  in  Clear  Creek 
township  near  the  north  county  line.  At  the  edge  of  the  Wis- 
consin area,  the  river  valleys  are  narrow  as  a  rule,  and  in  some 
instances  a  partial  filling  of  old  depressions  by  the  newer  drift 
is  evident.  The  filling  has  seldom  been  sufScient  to  obscure 
former  valleys  or  to  displace  the  streams.  The  border  line 
between  the  two  drifts  is  frequently  marked  by  low,  boggy 
slopes  where  springs  are  not  uncommon. 

The  following  table  of  elevations  of  various  points  over  the 
county  has  been  compiled  principally  from  profile  data  of  the 
different  railroads. 


LOCALITY, 


ALTZTUDB 
ABOVB  SBA. 


AUTHORITY. 


Railroad  bridge,  North  Skunk  river. 

Baxter 

Ira 


Railroad  bridge.  Clear  and  Indian  creeks 

Mingo 

Divide  between  Indian  creek  and  Sknnk 

river 

Valeria 

Skunk  river  bottom  W.  Co.  line 

Mitchellville 

Colfax 

Skunk  river  at  railroad  bridge 

Newton 

North  Skunk  railroad  crossing 

Kellogg 

Rock  creek 

Sugar  creek 

Newberg 

Murphy 

Sully 

Lynnville  Junction 

Monroe  railway  station 

Prairie  City 


C.  &  G.  W.  Ry. 
C.  &  G.  W.  Ry. 
C.  &  G.  W.  Ry. 
C.  &  G.  W.  Ry. 
C.  &  G.  W.  Ry. 

C.  &G.  W.  Ry. 
C.  &  G.  W.  Ry. 
C.  &  G.  W.  Ry. 
C.  R.  I.  &P.  Ry. 
C,  R.  I.  &  P.  Ry. 
C  ,  R.  I.  &P.  Ry. 
C  ,  R.  I  &  P.  Ry. 
C,  R.  I.  &  P.  Ry. 
Cm  R.  I.  &  P.  Ry. 
C,  R.  I.  &  P.  Ry. 
C.  R.  I.  &  P.  Ry. 
Iowa  Central  Railway. 
Iowa  Central  Railway. 
Iowa  Central  Railway. 
Iowa  Central  Railway. 
Barometer. 
Barometer. 
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DRAINAGE. 

In  the  table  of  elevations  the  relative  altitudes  of  different 
parts  of  the  county  are  indicated.  It  is  seen  that  the  surface 
has  a  slight  slope  to  the  south.  Baxter  near  the  north  border 
of  the  county,  situated  on  the  divide  between  the  North  Skunk 
and  the  Skunk  river  systems,  is  124  feet  higher  than  the  town 
of  Monroe,  which  is  near  the  southern  edge  of  the  county  and 
on  the  watershed  between  the  Skunk  and  Des  Moines  systems. 
The  slope  of  the  last  divide  is  shown  by  the  difference  in  level 
between  Prairie  City,  with  an  altitude  of  920  feet,  and  Monroe 
with  an  elevation  of  909  feet  above  tide.  It  is  here  but  slightly 
over  one  foot  per  mile.  From  Baxter  to  Monroe  it  is  more 
than  six  feet  per  mile. 

The  highest  point  in  the  county  for  which  authentic  record 
is  to  be  had  is  near  the  northeast  corner.  Here  the  divide  on 
which  Newberg  is  situated  is  approximately  1063  feet  above 
sea  level.  At  the  Chicago  Rock  Island  and  Pacific  railway 
bridge  over  Sugar  creek  the  altitude  is  877  feet,  while  the  gen- 
eral upland  is  about  100  feet  higher.  The  divide  between  North 
Skunk  river  and  Elk  creek,  in  Lynn  Grove  township,  which  is 
followed  by  the  Iowa  Central  Railroad,  has  an  elevation  of 
about  940  feet.  The  north-south  slope  of  the  surface  in  this 
part  of  the  area  is  therefore  essentially  six  feet  to  the  mile. 

Viewed  broadly,  Jasper  county  consists  of  a  fairly  level  loess- 
Kansan  plain,  gently  sloping  to  the  south,  into  which  the 
streams  have  worn  their  valleys.  Truncating  the  northwest 
corner  of  this  plain  is  the  area  of  subdued  topography,  the 
Wisconsin  drift;  while  the  northeast  corner  may  perhaps  be 
somewhat  modified  by  the  lowan  till  sheet.  The  fact,  how- 
ever, that  the  principal  streams  have  northwest-southeast 
courses  indicates  that  the  inclination  of  the  drift  surface  had 
little  to  do  with  determining  their  direction  of  flow.  They,  in 
general,  show  evidence  of  having  been  established  in  their 
present  positions  previous  to  the  advent  of  the  Kansan  glacier. 
The  smaller  tributary  branches  are  superimposed  and  have  cut 
their  channels  in  the  materials  of  the  drift  alone. 

The  drainage  of  the  county  is  effected  largely  by  Skunk 
river,  the  North  Skunk,  and  their  branches.    An  area  in  the 
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southwest  corner,  embracing  approximately  a  township  and  a 
half,  discharges  its  surplus  through  several  small  tributaries 
directly  into  the  Des  Moines,  which  flows  through  Marion 
county  a  few  miles  to  the  south.  Tributaries  of  the  Iowa  river 
encroach  on  the  northeast  corner  of  the  county,  and  drain  a 
few  square  miles  in  Hickory  Grove  township.  The  loess-Kan- 
san  area  is  perfectly  drained,  the  head  branches  to  the  tribu- 
taries of  the  competing  streams  frequently  interlocking  across 
the  divides.  The  Wisconsin  drift  is  not  so  completely  drained, 
and  upland  ponds  and  sloughs  are  not  uncommon. 

Drainage  from  any  land  area  is  said  to  be  perfect  when  all 
portions  of  its  surface  have  such  slope  that  water  that  has  fallen 
upon  it  will  by  gravity  flow  from  it.  It  might  be  further  added 
that  the  water  thus  flowing  from  the  land  is  gathered  into  well 
established  waterways  or  stream  systems  and  carried  outside 
of  the  area  in  question. 

The  amount  of  water  draining  from  the  land  through  surface 
flow  is  known  as  the  "run  off,"  and  its  quantity  depends  upon 
the  amount  of  rainfall  and  on  the  character  of  the  land  itself. 
Water  falling  as  rain  is  disposed  of  in  three  ways,  viz.,  by 
evaporation  into  the  atmosphere,  by  absorption  into  the  earth, 
and  by  flowing  directly  into  the  streams.  The  quantities  dis- 
posed of  in  these  different  ways  vary  according  to  several 
factors  the  most  important  of  which  are,  angle  of  slope,  geolog- 
ical structure  of  the  rocks,  character  of  the  soil,  presence  or 
absence  of  vegetation,  and  nature  of  the  rainfall.  It  is  appar- 
ent that  the  greater  the  declivity  the  greater  will  be  the 
tendency  for  water  to  flow  at  once  into  the  streams  during 
periods  of  precipitation.  If  the  country  rock  is  of  a  dense  and 
non -porous  nature  the  amount  absorbed  is  less  than  if  it  is 
porous  or  has  a  jointed  structure.  Open -textured  soils  will  not 
only  take  in  moisture  with  avidity  l3ut  will  also  give  it  up 
readily  when  conditions  are  favorable  for  evaporation.  The 
denser  clay  soils  absorb  water  slowly  and  by  capillarity  retain 
it  longer,  both  against  evaporative  influences  and  the  tendency 
to  pass  into  the  underlying  rock  strata,  than  do  soils  of  open 
texture.  It  may  be  said  that  in  general  vegetation  is  a  con- 
server  of  moisture.    It  not  only  prevents  rapid  and  immediate 
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discharge,  bat  accumalated  vegetable  mould  serves  as  a  damp 
surface  blanket  to  the  soil  beneath ;  retaining  the  moistare  and 
hindering  evaporation.  It  is  evident  again  that  the  ran  off  is 
influenced  by  the  nature  of  the  rainfall.  A  quiet,  light,  con- 
tinued rainfall  will  permit  of  far  greater  absorption  by  the  soil 
and  rocks  than  a  heavy,  torrential  one.  Where  the  total  quan- 
tity of  precipitation  is  perhaps  moderate,  economically  it  may 
be  ample  or  deficient  according  to  whether  it  falls  in  a  few. 
heavy  showers  or  is  distributed  in  the  different  seasons  as  nu- 
merous periods  of  light  rainfall. 

In  the  area  under  consideration,  the  slopes,  from  the  stand- 
point of  the  disposition  of  the  rainfall,  may  in  general  be  con- 
sidered moderate  and  the  soils  as  a  rule  of  the  more  porous 
types.  This  last  is  especially  true  of  the  loess  soils,  while 
perhaps  less  so  of  the  drift  and  alluvial  varieties.  Assuming 
an  average  rainfall  of  thirty-one  inches  *  for  this  county,  there 
are  falling  upon  its  surface  of  approximately  460,800  acres, 
more  than  fifty-one  billion  cubic  feet  of  water,  or  more  than 
one  billion  and  a  half  tons  per  year.  Of  this  vast  quantity,  more 
than  six  hundred  million  tons  pass  into  the  drainage  streams 
each  year.f  This  is  forty  per  cent  of  the  total  rainfall,  or  some- 
what in  excess  of  twelve  ii>ches.  These  figures,  it  is  believed, 
may  be  accepted  as  representing  the  average  run  off  from 
drift  laden  regions  in  central  Iowa  where  the  drainage  lines  are 
fully  developed,  as  they  are  over  essentially  all  of  Jasper 
county. 

The  remaining  nineteen  inches  of  precipitation  are  absorbed 
by  the  rocks  and  soils  from  which  the  moisture  for  plant  growth 
is  drawn.  Of  this  portion,  however,  a  variable  percentage  is 
returned  to  the  atmosphere  by  evaporation,  while  a  greater  or 
less  amount  sinks  into  the  earth  and  drains  away  through  sub- 
terranean passages.  The  actual  volumes  of  water  disposed  of 
in  these  different  ways  are  diflBcult  of  computation. 


*Av«rftge  of  reoorda  for  eight  jean,  1896  to  1900,  inclnalve,  at  Newton,  as  reported  to  the 
Weather  Bareaa  b J  Mr.  A.  Lnfkin.  The  extremes  are  19.64  inches  in  1894,  and  44.9  inches  in 
1896. 

t  The  data  for  this  estimate  are  figures  for  the  area  of  catchment  and  volume  of  flow  in  North 
Sknnk,  Skonk  and  other  Iowa  rivers,  taken  from  Tenth  Censne.  Water  Power  of  U.  8.,  Vol. 
XVII,  p.  96.   Also  Water  Bnpplj  and  Irrigation  paper  No.  80,  U.  8.  Q.  a ,  1908. 


296 


GBOLOOY  OF  JASPBR   COUNTY. 


The  distribution  of  the  precipitation  by  seasons,  at  Newton, 
is  indicated  in  the  following  table.  The  three  years,  1899,  1900 
and  1901  are  selected  as  representative.  The  data  are  compiled 
from  the  Monthly  reports  of  the  Iowa  Weather  and  Crop  ser- 


vice: 


Months. 


Average. 


January  . . . 
February . . . 

March 

April 

May 

June 

July 

August 

September  . 
October  .... 
November. . 
December  .. 

Totals 


.86 

.37 

1.00 

.75 

1.36 

1.80 

.74 

3.55 

3.47 

4.52 

2.79 

1.94 

6.61 

4.03 

2.24 

2.00 

6.35 

3.58 

2.30 

4.98 

2.89 

4.51 

6.11 

1.30 

.50 

3.73 

2  98 

.61 

4.23 

1  80 

1.52 

1.60 

.83 

2.34 

.97 

1.32 

27.26 

40.07 

25.15 

.74 
1.30 
2.59 
3.08 
4.29 

•5.90 

3.39 
3.97 
2.40 
2.21 
1.32 
1.54 


30  81 


Snowfall  is  estimated  as  rain.  While  the  actual  amount  of 
moisture  is  moderate,  its  distribution  is  such  that  it  is  ample 
for  the  growth  of  a  variety  of  crops.  This  is  of  course  made 
possible  only  because  of  the  favorable  range  of  the  attendant 
weather  conditions,  among  which  the  temperature  is  of  chief 
importance. 

Skunk  river. — This  river  flows  diagonally  southeastward 
across  the  county,  entering  near  the  middle  of  the  west 
boundary  and  making  its  exit  into  Marion  county  some  four 
miles  east  of  the  middle  of  the  southern  boundary.  It  is  the 
largest  water  way  in  the  region,  and  with  the  branches  that 
pay  tribute  to  it,  drains  not  less  than  two-thirds  of  the  county. 
The  fall  of  the  river  from  Ames,  in  Story  county,  to  Rome,  in 
Henry,  averages  two  and  one-half  feet  per  mile.*  The  esti- 
mated volume  of  water  passing  a  point  formerly  known  as 
Vowell's  near  the  present  town  of  Metz  is  eighty  f  cubic  feet 
per  second,  amounting  to  nearly  two  billion  gallons  in  the 
ordinary  year.    The  flow  of  the  river  varies  from  season  to 


*  Water  Sapply  and  Irrigation  paper  U.  8.  G.  8. ,  No.  44,  p.  70. 

i  Water  Power  la  U.  a  Tenth  Census,  Vol.  XVII,  1880,  pt.  II.  p.  96. 
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season  with  the  rainfall,  and  is  not  to  be  relied  upon  from  year 
to  year.  Rapid  rises  are  common  during  which  its  flood  plain 
from  border  to  border  becomes  one  broad  stream  of  water. 
Such  inundation  is  not  so  common  now  as  in  earlier  years. 

The  width  of  the  valley  of  Skunk  river  ranges  from  one  mile 
and  a  quarter  to  nearly  three  miles.  Within  the  Wisconsin 
drift  it  is  somewhat  narrower  than  its  prevailing  width  else- 
where. In  its  course  through  the  Eansan  drift  area  two  points 
where  the  valley  is  much  narrowed  are  notable.  On  entering 
Mound  Prairie  township  the  river  flows  close  to  the  southwest 
side  of  the  valley  and  exposes  Coal  Measure  strata  for  some 
distance  in  sections  4  and  5.  From  this  point  it  is  deflected  to 
the  opposite  valley  wall,  exposing,  in  section  3,  the  Des  Moines 
shales  and  sandstones.  The  minimum  width  of  the  valley  is  in 
this  region  one  and  a  quarter  miles,  while,  both  above  and  below, 
it  rapidly  broadens  to  from  two  to  three  miles.  The  constric- 
tion at  this  point  appears  to  be  due  to  the  more  resistant  strata 
through  which  the  stream  has  been  compelled  to  cut  its 
channel.  The  Coal  Measures  here  stand  higher  and  represent 
an  outlier  which  disappears  back  from  the  river  in  both  direc- 
tions. Again  in  the  southern  part  of  Palo  Alto  township  the 
valley  is  narrowed  to  about  one  mile  across  the  belt  of  Red 
Hock  sandstone.  The  constriction  is  here  even  more  noticeable, 
and  the  river  flows  for  one  mile  between  Palo  Alto  and  Fair- 
view  townships  at  the  foot  of  abrupt  bluffs  of  this  rock  capped 
with  loess.  Escarpments  of  brown,  heavy  bedded  sandstone 
are  also  found  to  the  east  both  above  and  below  Reasnor.  The 
narrowness  of  the  valley  can  be  accounted  for  only  by  the 
resistance  to  erosion  offered  by  the  comparatively  hard  sand- 
stone. 

The  flood  plain  of  the  river  is  universally  covered  with  allu- 
vium. Borings  made  in  the  valley  show  it  to  be  filled  with 
alternating  strata  of  river  silt,  sand,  and  occasionally  gravel. 
The  thickness  of  these  layers  above  the  country  rock  has  not 
been  ascertained.  In  no  instance  was  record  found  of  any 
borings  in  the  valley  penetrating  to  the  indurated  rock.  At 
the  locations  cited,  where  the  width  of  the  valley  is  much  les- 
sened by  the  harder  strata  in  its  walls,  the  depth  below  the 
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present  flood  plain  seems  considerable  and  has  not  been  reached 
in  the  valley  proper.  These  facts  indicate  that  the  s^am,  in  the 
earlier  stages  of  its  development,  possessed  great  erosive  power, 
at  which  time  it  channeled  deeply  into  the  Coal  Measures,  and, 
that  since,  through  a  change  of  level,  it  has  partially  filled  in 
its  old,  and  probably  preglacial,  valley.  It  is  farther  sug- 
gested that  the  surface  flow  of  the  river  today  does  not  by  any 
means  represent  all  of  the  water  drained  away  through  its 
coarse.  It  may  be  confidently  assumed  that  a  considerable  pro- 
portion of  its  discbarge,  moves  beneath  the  surface  in  the 
porous  sand  and  gravelly  strata.  This  probably  accounts  for 
its  uncertain  flow,  and  for  the  fact  that  in  certain  seasons  por- 
tions of  it  may  even  go  dry. 

As  has  been  mentioned,  a  partial  filling  of  Skunk  river  val- 
ley has  taken  place  in  the  Wisconsin  drift  area.  The  deposits 
of  material  made  by  the  Wisconsin  glacier  in  Jasper  county 
seem  to  have  been  light  and  were  not  accompanied  by  pro- 
nounced water  action.  The  pre- Wisconsin  banks  are  perfectly 
evident,  and  are  covered  with  a  thin  deposit  of  the  later  drift. 
Typical  Wisconsin  material  likewise  occurs  on  the  floor  of  the 
valley  as  low,  irregular  mounds  or  ridges.  These  often  extend 
well  out  into  the  main  depression .  They  may  be  observed  all 
along  the  south  border  in  Washington,  and  are  conspicuous 
below  Valeria  in  Poweshiek  township. 

The  course  of  the  river  is  in  general  meandering  from  one 
side  of  its  broad  flood  plain  to  the  other.  As  is  common  with 
the  most  of  the  rivers  of  Iowa  that  have  a  northwest-south- 
east direction  of  flow,  the  breadth  of  flood  plain  to  the  northeast 
side  is  usually  greater  than  that  to  the  southwest  of  the  stream. 
In  the  lower  part  of  its  course  in  the  county  its  channel  is 
often  extremely  sinuous  and  unstable.  In  places,  as  in  section 
29,  Palo  Alto  township,  it  may  even  fork  or  anastomose,  as  one 
channel  becomes  unable  to  accommodate  the  flow.  Sand-bars  are 
a  common  feature,  although  not  so  important  as  are  the  deposit's 
of  sand  and  silt  to  be  found  at  numerous  points,  chiefly  to  the 
northeast  side  of  the  river. 
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The  principal  branches  belonging  to  the  Skunk  river  system, 
and  which  join  this  river  in  the  county,  are  Indian,  Prairie, 
Cherry  and  Squaw  creeks.  Those  tributary  streams  of  impor- 
tance belonging  to  the  system  which  join  it  outside  of  the 
county  are  Elk  creek  and  North  Skunk  river. 

Indian  creek. — Indian  creek,  with  several  small  branches  from 
the  north,  effects  the  drainage  of  the  northwest  corner  of  the 
county,  north  of  Skunk  river.  .  It  is  second  in  size  only  to  the 
Skunk  itself,  and  joins  the  latter  stream  just  east  of  Colfax, 
where  the  blending  of  the  two  flood  plains  is  responsible  for 
the  unusual  breadth  of  bottom  land  in  the  southern  portion  of 
Sherman  township.  Above  its  confluence  and  outside  of  the 
Wisconsin  drift,  the  width  of  the  valley  ranges  from  one  mile 
to  a  mile  and  one-half.  The  stream  is  meandering  in  its  valley 
and  branches  about  three  miles  above  its  union  w^ith  the  Skunk, 
entering  this  river  through  two  channels  at  points  more  than 
one  mile  apart.  The  width  of  the  valley  appears  to  be  some- 
what out  of  proportion  to  the  size  of  the  present  stream.  Within 
the  Wisconsin  drift  area  the  valley  is  much  constricted,  and 
has  been  partially  filled  by  the  drift  deposits.  Where  it  enters 
from  Polk  county  its  flood  plain  is  one  mile  in  width.  In  sec- 
tion 28,  Clear  Creek  township,  Indian  creek  has  been  diverted 
from  its  pre- Wisconsin  course,  and  from  the  northwest  corner 
of  this  section  to  the  middle  of  section  24,  it  flows  in  a  narrow, 
gorge-like,  drift  bordered  valley  which  it  has  excavated  since 
the  close  of  the  Glacial  period.  The  stream  is  here  bounded  by 
prominent  drift  hills  to  the  east,  and  similar,  though  less  con- 
spicuous, elevations  separate  it  from  the  old  depression  less 
than  one  mile  to  the  southwest.  This  last  depression  can  still 
be  clearly  traced,  leading  in  both  directions  into  the  valley  now 
occupied  by  the  stream. 

The  most  important  tributaries  to  Indian  creek  are  Sil- 
ver and  Wolf  creeks,  which  join  the  parent  stream  in  the 
Wisconsin  area;  and  Clear  creek  with  its  branch.  Mud  creek, 
which  follow  courses  parallel  to  and  outside  the  border  of  the 
later  drift.  Silver  and  Wolf  creeks  are  small  streams  following 
depressions  excavated  since  the  deposition  of  the  Wisconsin 
drift.    They  have  narrow  flood  plains  that  extend   but  short 
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distances  toward  their  heads,  and  the  few  branches  leading  into 
them  have  eroded  sharp  V-shaped  gorges  in  the  glacial  till. 
The  beds  of  these  streams  are  often  very  gravelly  and  the  sur- 
facing of  alluvium  on  the  flood  plains  is  prevailingly  thin. 

Clear  creek  is  a  much  older  and  longer  established  stream, 
its  course  being  entirely  in  the  loess-Eansan  area.  It  has  a 
well  developed  flood  plain,  and  has  reached  base  level  through- 
out its  course  in  the  county.  Broadening  of  the  valley  is  now 
rapidly  going  on.  The  creek  swings  from  wall  to  wall  in  a 
series  of  bold  curves  and  is  gouging  out  the  sides  of  its  valley. 
Much  of  the  flood  plain  is  thickly  wooded,  and  bayous  and  cut- 
offs are  common  features.  The  alluvial  material  in  this  valley 
is  of  considerable  depth,  as  it  is  also  in  the  channel  of  Indian 
creek.  Wells  in  Independence  tov^nship  are  reported  to  have 
struck  "slate'*  at  forty  feet,  the  upper  strata  being  sand  and  silt. 
There  are  indications  also  that  the  river  has  at  times  exposed 
the  shales  where  it  impinges  against  its  valley  wall  in  western 
Independence  tgwnship,  but  no  outcrops  are  now  visible. 

Mud  creek  is  a  small  tributary  which  takes  its  rise  in  the 
poorly  drained  area  of  the  Wisconsin  drift.  It  breaks  through 
the  drift  margin  at  the  south  border  of  section  1,  Clear  Creek 
township,  and  thence  flows  in  a  narrow,  alluvial  valley  to  its 
union  with  Clear  creek  in  section  24. 

In  northern  Independence  township  Clear  creek  has  deep- 
ened its  valley  100  feet  below  the  upland  to  the  east;  while  to 
the  west  the  adjoining  hills  rise  135  feet  above  the  water.  In 
section  35,  Clear  Creek  township,  it  runs  seventy  feet  below  the 
hills  to  the  east.  The  hills  of  Wisconsin  drift,  where  Mud 
creek  enters  the  county,  have  an  elevation  of  eighty  to  ninety 
feet  above  the  stream  bed.  At  the  south  edge  of  section  1, 
where  this  creek  leaves  the  Wisconsin  area,  they  rise  110  feet, 
while  the  loess-covered  Kansan  to  the  east  is  but  sixty-five  feet 
above  the  water.  Within  the  newer  drift,  Wolf  creek  has 
excavated  a  valley  sixty  feet  below  the  level  of  the  drift 
plain,  measured  in  section  10.  In  section  17,  the  water  level  of 
Wolf  creek  is  140  feet  below  adjacent  hilU  to  the  north.    From 
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the  north  boundary  of  section  10  to  the  south  edge  of  section 
17,  this  stream  has  a  fall  of  forty-five  feet,  being  approximately 
eighteen  feet  per  mile. 

At  the  west  county  line  Indian  creek  has  a  depression  of  110 
feet.  The  hills  in  section  33,  Clear  Creek  township,  rise  fifty  to 
sixty-five  feet  above  the  flood  plain.  Indian  creek,  at  the  bridge 
on  the  east  side  of  section  12,  Poweshiek  township,  is  120  feet 
below  the  hills  adjoining,  both  to  the  north  and  south. 


Prairie  and  Cherry  creeks  are  streams  of  some  importance 
flowing  into  Skunk  river,  and  draining  areas  in  Newton  and 
Sherman  townships  principally.  They  have  well  developed 
flood  plains  in  the  larger  portion  of  their  courses,  and  have 
accomplished  a  considerable  amount  of  downward  cutting. 
West  of  the  town  of  Newton,  Cherry  creek  has  exposed  the 
shales  and  sandstones  of  the  Coal  Measures.  Here  the  creek 
flows   125  feet  below  the  upland.    Its  average  depression  is 
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about  one  hundred  feet.  Both  of  these  streams  have  high 
gradients,  and  their  headwaters  are  vigorously  extending  their 
drainage  territory. 

Squaw  creek  is  a  branch  of  minor  importance  entering  Skunk 
river  west  of  Colfax.  It  receives  some  small  tribute  from  the 
Wisconsin  drift  area.  In  section  8,  Washington  township,  one 
of  its  feeders  has  been  diverted  from  its  former  course  by  the 
railroad.  An  example  of  unusually  deep  and  rapid  trenching 
is  here  to  be  observed.  Within  a  few  years  this  small  stream 
has  channeled  into  the  Wisconsin  drift  in  places  twenty-five  to 
thirty  feet,  forming  a  narrow  gorge  with  precipitous  walls  for  a 
distance  of  about  one-third  of  a  mile  leading  into  the  valley 
of  the  Skunk  river.    See  figure  22. 

Elk  creek  joins  the  Skunk  river  in  Mahaska  county,  and 
drains  essentially  two  townships,  Elk  Creek  .and  Buena  Vista. 
It  has  a  mature  valley,  and  numerous  branches  extend  back  to 
the  divides  towards  the  northeast  and  southwest.  The  latter 
commonly  occupy  sharp  ravines  or  gullies  carved  in  the  loess 
and  Kansan  drift.  Where  Elk  creek  traverses  the  thin  belt  of 
Red  Rock  sandstone,  in  Buena  Vista  township,  exposures  of 
this  rock  occur,  and  some  quarrying  has  been  done  near 
Murphy. 

With  the  exception  of  Indian  creek,  North  Skunk  river  is  the 
largest  affluent  of  the  Skunk  river  in  the  county.  It  drains, 
however,  a  much  larger  territory  than  Indian  creek,  and  with 
its  various  tributaries  it  is  fully  as  important  as  is  the  parent 
stream.  It  maintains  a  uniform  southeasterly  direction  from 
its  entrance  at  the  northwest  corner  of  Malaka  township  to  its 
exit  from  the  county  in  the  eastern  border  of  Lynn  Grove  town- 
ship. Its  branches  invade  ten  of  the  nineteen  civil  townships 
in  the  county,  and  drain  more  than  one-third  of  the  total  area. 

North  Skunk  river  has  a  flood  plain  varying  in  width  and 
ranging  from  less  than  one-fourth  of  a  mile  in  Malaka  township 
to  more  than  three-fourths  of  a  mile  at  points  in  the  lower  part 
of  its  course.  The  valley  borders  are  not  always  well  defined. 
From  the  general  upland  the  flood  plain  is  reached  by  gradual 
slopes,  with  low  ridges,  which  often  appear  to  extend  into  the 
valley,  or  even  stand  quite  isolated  in  the  depression  itself. 


DBAINAGB.  803 

These  are  always  capped  with  loess  and  in  position  suggest 
portions  of  an  earlier  flood  plain  deposit  that  the  river  has 
since  failed  to  remove.  The  material  beneath  the  loess,  as 
shown  where  the  river  has  dissected  these  deposits,  consists  of 
iron-stained  sand  and  gravel,  in  most  places  somewhat  stratified. 
A  section  showing  this  character  may  be  observed  in  the  south- 
east ^  of  section  5,  Richland  township,  where  a  thickness  of 
fifty  feet  of  a  sandy,  iron-stained  drift  deposit,  capped  with 
thirteen  feet  of  loess,  is  exposed  by  the  river.  In  other  places, 
the  material  is  typical,  weathered  bowlder  clay.  No  evidence 
of  terraces  now  exists,  but  such  a  feature  may  be  obscured  by 
subsequent  loess  deposition . 

The  characteristics  of  the  valley  in  general  appear  to  indicate 
the  putting  down  of  large  quantities  of  partially  sorted  glacial 
detritus,  probably  during  the  retreat  of  the  Kansan  ice  when 
the  stream  was  overloaded.  The  removal  of  this  material  has 
since  been  but  partially  accomplished  by  the  river.  The  bluffs 
bounding  the  valley  rise  gradually  to  fifty  or  sixty  feet  above  the 
water.  They  are  covered  with  loess  and  are  more  prominent 
along  the  west  border. 

The  only  tributaries  of  considerable  size  join  North  Skunk 
river  from  the  east.  In  order,  from  the  north  they  are.  Snipe, 
Alloway,  Bock  and  Sugar  creeks,  the  last  one  meeting  the 
parent  river  outside  the  borders  of  Jasper  county.  All  of  these 
streams  have  narrow  flood  plains  which  are  developed  but  a 
few  miles  back  from  their  mouths.  Rock  and  Sugar  creeks  have 
cut  more  deeply,  and  they,  with  their  branches,  have  made  the 
relief  of  portions  of  Rock  Creek  township  very  pronounced. 
In  section  7  Rock  creek  cuts  through  the  Red  Rock  sandstone, 
and  quarrying  has  been  done  at  several  points  on  both  sides  of 
the  stream.  To  the  west  of  North  Skunk  river  the  divide  lies 
quite  close  to  the  channel,  there  being  no  tributaries  of  any 
length. 

Des  Moines  river. — This  system  is  represented  by  four  small 
streams  which  together  drain  a  little  more  than  the  southwest- 
ern township  of  the  county.  A  curve  in  the  course  of  Camp 
creek  causes  the  stream  to  encroach  upon  Jasper  county  near 
the  southwest  corner  of  Des  Moines  township.    It  enters  and 
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leaves  the  township  at  points  not  more  than  one  mile  apart. 
The  stream  has  a  well  defined  valley,  bat  the  area  it  drains  is 
small.  Walnut,  Calhoun,  Prairie  and  Brush  creeks  should  also 
be  mentioned  as  belonging  to  the  Des  Moines  system.  Walnut 
has  done  considerable  downward  cutting,  and  the  Coal  Measures 
are  exposed  at  various  places  along  its  course.  Coal  is  mined  near 
the  north  border  of  section  22,  Des  Moines  township.  The 
shales  and  sandstones  are  also  exposed  along  Calhoun  creek, 
where  coal  has  been  mined  in  years  past.  West  of  the  town  of 
Monroe,  along  Brush  creek,  the  Coal  Measure  clays  are  very 
near  the  surface,  and  are  utilized  at  the  Orcutt  clay  works. 
The  area  drained  by  this  stream  is  insignificant. 
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Qeneral  Belations  of  Strata. 


The  formations  represented  in  Jasper  county  belong  to  two 
geologic  groups  which  are  separated  by  an  unconformity.  This 
break  in  the  continuity  of  the  strata  indicates  the  lapse  of  an 
enormous  period  of  time,  equal  in  length  to  the  whole  of  the 
Mesozoic  era  and  the  Tertiary  period  of  the  Cenozoic.  During 
this  interval  the  area  under  consideration  was  probably  a  land 
surface  and  subjected  to  the  action  of  the  denuding  agents. 
The  surface  of  the  Paleozoic  rocks  was  profoundly  eroded 
previous  to  the  deposition  of  the  Pleistocene  strata  during  the 
recent  or  Cenozoic  era.  The  major  time  divisions  represented 
therefore  are  the  Paleozoic  and  the  Cenozoic. 

The  strata  deposited  during  these  long  and  widely  separated 
divisions  of  geologic  time  are  classified  in  the  following 
table: 
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rORMATION 

Pleistocene 

Recent 

Alluvium 
Sands  and  silts 

Cenozoic 

Glacial 

Wisconsin 

Drift 

lowan 

Loess  and  bowlders 

Kansan 

Drift 

Paleozoic 

Carbonifer- 
ous 

Upper  Carboniferous 
or  Pennsylvanian 

• 

Des  Moines 

Red  Rock  sandstone 

Shales  and  sand- 
stones 

Lower  Carboniferous 
or  Mississippian 

Saint  Louis? 

Kinderhook 

Limestones  and 
sandstones 

The  rock  strata  lying  deeper  than  those  included  in  the  above 
table  have  been  explored  at  bat  one  point  in  the  county .  The 
Newton  deep  well  penetrates  to  the  Maquoketa  shales  of  the 
Ordovician.  No  other  drillings  that  go  beyond  the  Mississippian 
were  found.  In  the  northeastern  portion  of  the  area  wells  are 
seldom  sunk  to  indurated  rock.  Deep  wells  and  the  drillings 
of  prospectors,  however,  invariably  encounter  a  hard  limestone 
overlain  usually  with  a  greater  or  less  thickness  of  the  shale  or 
sandstone  strata  of  the  Des  Moines  stage.  Few  borings  in  the 
western  part  of  the  county  pass  through  the  Coal  Measures. 

The  attitude  of  the  Paleozoic  strata  is  monoclinal,  dipping 
at  a  low  angle  to  the  south  and  west.  Aside  from  the  small 
triangular  area  in  the  northeast  corner,  which  is  detached  by 
projecting  the  line  of  strike  of  the  Kinderhook  in  Marshall 
county,  the  county  is  probably  completely  covered  by  the  sands 
and  shales  of  the  Des  Moines  stage  of  the  Upper  Carboniferous 
series.  These  rest  presumably  upon  the  Kinderhook  rocks  in 
the  northern  part  of  the  county;  while  over  the  remainder  of 
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the  area  deposits  of  the  Saint  Louis  stage  form  the  floor  of  the 
Coal  Measures. 

Figure  23  represents  a  geological  section  across  .Jasper  county 
from  Prairie  City,  in  the  southwestern  part,  to  Newberg  in  the 
northeast,  showing  the  attitude  and  relations  of  the  different 
formations.  The  drawing  is  on  a  vertical  scale  of  350  feet  to 
one  inch. 


Fio.  K.    OaotagloKl  MoUoD  from  Pnlrle  0lt7  tc 
PL    Plttotocese.  St.  L.    Saint  Lonla. 

Xd.     Slndarhook.  Dr.    Deroii 
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The  following  records  of  deep  drillings  will  furnish  a  general 
idea  of  the  thickness  and  depth  of  the  various  formations  pene- 
trated. The  record  of  the  Grinnell  well,  located  in  Poweshiek 
county,  some  two  miles  to  the  east  of  Jasper  county,  is  also 
given: 

GrinntlHWell  Record." 


Pleiitocene 

SalDt  Louis) 

and  \ 

Devonian 

Silurian 

Maquoketa 

Galena-Trenton 

Saint  Peter 

Upper  Oneota(?) 

New  Richmond  (?)  at  ■ 


The  glacial  deposits  are  here  212  feet  in  thickness,  and, 
according  to  Mr.  Jones,  rest  practically  on  the  upper  surface  of 
the  Saint  Louis.  This  would  make  the  base  of  the  Coal 
Measures  approximately  816  feet  A.  T. 
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Id  the  town  of  Colfax  and  vicinity  there  are  more  than  a 
dozen  wells,  all  drawing  their  supply  from  the  same  horizon, 
and  ranging  about  three  hundred  feet  in  depth.  The  aquifer 
appears  to  be  in  the  Saint  Louis  limestone.  No  accurate 
records  of  these  wells  are  available,  so  that  the  depth  at  which 
the  Saint  Louis  is  reached  can  not  be  definitely  stated.  The  fol- 
lowing is  the  general  sequence,  as  given  from  memory  by  one 
who  has  had  to  do  with  the  sinking  of  several  of  the  wells: 

,  5.  Sand  and  drift  clay 80    feet. 

4.  Slate 18      " 

3.  Coal l.S  •• 

2.  Sandstone,  shale  and  sulphur  bands 198 

1 .  Limestone,  about 18 


1 1 


From  this  record  the  Coal  Measures  are  about  217  feet  in 
thickness,  and  the  top  of  the  Saint  Louis  limestone  is  about  544 
feet  above  tide.  From  Grinnell,  twenty-eight  miles  to  the  east, 
to  Colfax,  the  dip  thus  approximates  nine  and  one-half  feet  to 
the  mile,  between  six  and  seven  minutes  of  angle. 

A  series  of  coal  prospect  drillings  put  down  in  sections  28; 
31  and  32  of  Independence  township,  by  Mr.  W.  P.  Rippey, 
penetrated  the  following  beds: 

rxxT. 
8.    Yellow  to  gray  clay 0  to  20 

7.  Blue  bowlder  clay , 2  to   6 

6.  Sand  and  gravel 80  to  90 

5.  Soapstone,  slate  or  sandstone 0  to   4 

4.  Clay  or  slate,  lime  rock  and  sulphur  stone 30  to  40 

3.  Coal 5  to    1 

2 .  Sandstone  and  sometimes '  *red  rust' '  resting  on  hard  rock. 

1.  Hard  rock  (limestone  ?) 

The  "hard  rock"  is  probably  the  basement  limestone  and  rep- 
resents either  the  Saint  Louis  strata  or  the  Kinderhook;  more 
likely,  perhaps,  the  former,  as  the  Saint  Louis  limestone  has 
been  recognized  by  Dr.  Bain  in  a  drilling  three  miles  north  of 
Mitchell ville,  in  the  edge  of  Polk  county*.  This  stratum  has 
been  penetrated  to  a  depth  of  nearly  100  feet,  in  a  hole  sunk 
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near  the  northeast  corner  of  section  32  of  Independence  town- 
ship, where  it  was  found  to  consist  of  alternating  layers  of 
hard  and  soft  rock.  Occasionally  a  thin  band  is  encountered, 
which  is  so  resistant  that  it  is  diflScult  to  drill  through  it.  The 
presence  of  these  bands  is  perhaps  suggestive  of  the  Kinder- 
hook,  as  resistant  layers  of  chert  are  a  constant  feature  of  that 
formation  where  it  is  exposed  in  Marshall  county. 

MissiBsippian  Series. 

Representatives  of  the  Lower  Carboniferous  dr  Mississippian 
series,  of  the  Carboniferous  system  are  nowhere  exposed  in  the 
county.  In  Marshall  county  to  the  north  exposures  of  the 
Eiuderhook  strata  are  found  along  Timber  creek  near  Fergu- 
son, between  five  and  six  miles  from  the  Jasper  county  line. 
The  Coal  Measures  in  Marshall  county  rest  upon  the  Kinder- 
hook  beds;  strata  belonging  to  the  Saint  Louis  stage  being  in 
general  absent.  As  has  been  noted  earlier,  the  Saint  Louis 
limestone  is  recognized  in  the  Grinnell  deep  well  section.  Mr. 
A.  J.  Jones*  assigns  to  it  a  thickness  of  fifty-eight  feet,  and 
refers  underlying  argillaceous  beds  to  the  Augusta  stage. 
Professor  Norton,  in  his  report  on  the  Artesian  Wells  of  Iowa, 
notes  that  the  Saint  Louis  limestone  is  present,  but  does  not 
separate  this  stage  from  the  preceding  one.  The  limestone  in 
which  the  first  flow  of  water  is  obtained  at  Newton  is  referred 
by  Professor  Nortonf  to  the  Saint  Louis.  This  authority  also 
expresses  the  probability  that  the  source  of  supply  in  the  Colfax 
wells  is  in  the  same  formation. 

The  strata  of  the  Saint  Louis  stage  are  typically  exposed  in 
Mahaska  and  Marion  counties.  In  the  latter  a  thickness  of 
270  feet  of  Mississippian  rocks  above  the  Kinderhook  was  pen- 
etrated in  the  deep  well  at  Pella.  At  Mitchellville,  in  Polk 
county,  BainJ  has  with  some  doubt  referred  forty  feet  of  strata 
to  the  Saint  Louis  stage;  while  to  the  westward  the  formation 
rapidly  thickens  as  the  records  of  the  Greenwood  Park  well 
and  other  deep  drillings  in  and  near  Des  Moines  go  to  show. 

•Iowa  Acad.  Sei.,  Vol.  II,  p.  82,  18M. 

tArtwian  Wells  of  Iowa.    Iowa  QeoL  Surv. ,  Vol.  VI,  p.  292. 

tAnn.  Bep.  lowaGkol.  Surr.,  Vol.  VII,  p.  291. 
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Taking  a  somewhat  broader  survey  of  the  relations  between 
the  Coal  Measures,  the  Saint  Louis  strata  and  the  underlying 
rocks,  it  is  found  that,  at  no  place  in  the  counties  to  the  south- 
east, along  the  strike  of  these  strata,  where  the  geology  has 
been  studied  in  detail,  has  the  absence  of  the  Saint  Louis  lime- 
stone been  observed.  To  the  northwest  across  Marshall  and 
Hardin  counties  the  rocks  of  the  Des  Moines  stage  rest  upon 
beds  older  than  the  Saint  Louis.  In  Webster  and  Humboldt 
counties  the  Saint  Louis  limestone  is  again  recognized.  It  is 
thus  seen  that  over  the  area  mentioned  the  materials  composing 
the  Saint  Louis  strata  were  either  never  deposited,  or  were 
worn  away  before  the  Coal  Measures  were  laid  down.  The 
first  assumption  seems  probable  in  view  of  the  fact  that  where 
observed  in  the  Grinnell  and  Mitchellville  wells  these  strata 
are  thin  in  comparision  with  the  corresponding  strata  farther 
south  and  west.  A  gradual  thinning  or  wedging  of  the  Saint 
Louis  deposits  is  indicated,  and  beyond  its  limits  the  Des 
Moines  strata  overlap,  and  rest  upon  the  older  formations. 

In  Jasper  county  the  area  underlain  by  the  Kinderhook  tocks 
can  not  be  definitely  outlined  as  these  materials  are  deeply 
buried  beneath  the  glacial  deposits;  nor  are  any  strata  refera- 
ble to  the  Augusta  known.  The  area  outlined  as  Kinderhook 
on  the  map  is  determined  by  projecting  the  line  of  the  strike 
from  outcrops  in  Marshall  county.  Neither  can  the  border  of 
the  Saint  Louis  deposits  be  traced.  It  is  not  believed  to  be  the 
country  rock  in  any  part  of  the  county,  but  the  interest  that 
attaches  to  it  comes  from  its  wedging  out  and  giving  way  to 
the  Kinderhook  as  the  floor  upon  which  the  Coal  Measures  rest. 
The  line  of  overlap  apparently  has  a  northwest-southeasterly 
course,  and  can  not  lie  far  within  the  limits  of  the  Coal  Meas- 
ures themselves. 
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Pennsylvaniaii  Series. 

DES   MOINBS  STA6B. 

All  of  the  Paleozoic  rocks  exposed  in  the  county  belong  to 
the  Des  Moines  stage  of  the  Upper  Carboniferous  series.  As 
indicated  on  the  Geological  map,  they  cover  the  entire  county, 
with  the  exception  of  the  triangular  area  of  Kinderhook  in 
the  extreme  northeast  corner.  They  consist  of  interstratified 
shales,  sandstones,  coal  and  occasional  thin  beds  of  limestone. 
Their  character  varies  rapidly  from  place  to  place.  With  the 
exception  of  the  Red  Rock  sandstone,  none  of  the  strata  are 
sufficiently  persistent  over  any  considerable  area  to  be  relied 
upon  in  correlation.  The  shales  are  prevailingly  sandy  and 
grade  laterally  into  argillaceous  sandstones.  The  sandstone 
layers  are  in  places  calcareous  and,  especially  in  connection 
with  certain  coal  seams,  pass  into  arenaceous  limestones. 
Limestones  of  the  darker  colored  variety  occur  as  lenses  and 
concretionary  masses  in  some  of  the  coal  basins.  The  coal 
beds  are  likewise  of  limited  lateral  extent,  and  are  not  found 
at  any  constant  horizon. 

The  thickness  of  the  Des  Moines  strata  varies  from  nothing 
in  the  northeast  to  nearly  200  feet  in  the  vicinity  of  Colfax.  No 
data  are  to  be  bad  as  to  their  thickness  in  the  southern  part  of 
the  county.  A  prospect  hole  three  miles  north  of  Mitchellville*, 
in  the  border  of  Polk  county,  passes  through  160  feet  of  Coal 
Measure  strata.  Iq  Marion  county  to  the  south,  B.  L.  Miller+ 
estimates  the  maximum  thickness  of  the  Coal  Measures  as  600 
feet.  Because  of  the  uneven  floor  upon  which  they  rest,  how- 
ever, their  thickness  will  range  within  broad  limits  in  even 
small  areas. 

In  Jasper  county  the  rocks  of  the  Des  Moines  stage  are  uni- 
versally covered  with  drift.  Previous  to  the  deposition  of  the 
glacial  materials  the  land  surface  was  irregular,  and  erosion 
has  since  gone  on  through  long  periods  of  time.  The  depth 
beneath  the  surface  at  which  the  Coal  Measures  now  lie  has  been 


•Oaologrof  PolkOoaaty,  Bitln,  Io.vaOeoL  SarT.,  Vol.  Vlt,  p.  822. 
tGheologyof  Marlon  Ooantj,  Billler,  lowaOeol.  Sonr.  VoL  X[,  p.  147. 
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determined  largely  by  these  factors.  Exposures  are  not  namer- 
ous,  as  a  rale,  bat  are  found  fairly  well  distributed  over  the 
southern  half  of  the  county.  Althoagh  the  best  sections  are  to 
be  observed  along  stream  ways,  natural  outcrops  are  not  lack- 
ing over  the  uplands  away  from  the  streams. 

The  following  section  is  found  east  of  the  wagon  bridge  over 
Skunk  river  in  section  82,  Elk  Creek  township,  where  the  river 
impinges  against  the  east  wall  of  its  valley: 


5.    Loeu  and  Kansan  drift 4 

4.  Shale,    sandy  and  carbonaceoui,  and 

interstratified  with  thin  bands  of  sand- 
stone; plant  stems  presenred  in  sand- 
stone       8 

3 .  Sandstone ,  brown,  compact 7 

2.  Coal 1  6 

1 .  Fire  clay  and  tains ,  to  water 10 

The  strata  are  here  exposed  for  a  distance  of  three  hundred 
feet  and  have  the  attitude  of  a  low  anticline,  the  section  given 
being  measured  near  the  center  of  the  arch.  The  coal  seam 
ranges  from  eight  inches  to  one  and  one-half  feet.  The  band 
of  sandstone  above  the  coal  is  not  constant,  being  frequently 
replaced  by  arenaceous  shale. 

On  the  county  line  road,  near  the  middle  of  the  south  side  of 
section  31,  Lynn  Grove  township,  the  Coal  Measures,  capped 
with  drift  and  loess,  outcrop  in  the  following  sequence: 

TBST.       IK0HX8. 

5.  Clay  shale,  light  in  color,   with  sand- 

stone and  iron-stained  concretions...     17 

4.  Carbonaceous  shale 3 

3.  Coal  blossom 8  to  9 

2.  Obscured  by  talus 30 

].    Sandstone,  shattered,  iron-stained  (in 

gutter  at  south  side  of  road) 4 

Along  the  North  Skunk  river,  from  Lynnville  northward  into 
Richland  township,  the  Coal  Measures  outcrop  at  several  points. 
In  section  3,  Lynn  Grove  township,  and  section  33,  Richland, 
along  small  branches  leading  into  the  Skunk  river  valley,  the 
shales  are  exposed .  Along  the  east  side  of  the  river,  near  the 
middle  of  the  west  side  of  section  35,  Richland  township,  a  fif- 
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.  teen-f pot  stratum  of  sandstoD^  is  qaarried  on  a  small  scale. 

.  Od  the  hill  slope  above  the  quarry,  the  base  of  which  is  bat  a 
few  feet  above  the  flood  plain  of  the  river,  coal  has  been  mined 
in  shallow  drifts.    The  qaarry  section  is  as  follows: 

5.     Wtfttbered  shale 5 

4,  White  sandstone,  soft,  grading  down- 
wards into  pink,  brown  and  red 5  6 

3.    Plastic,  white  clay 10 

2.  Sandstone,  red  to  brown,  compact;  con- 
taining many  small  cavities  lined  with 
plastic  clay,  or  containing;  pulverulent, 
red  ochre.  Micaceous,  with  fossil  lepi- 
dodendrons 15 

1.     Carbonaceous  sbale  1  6 


Fia .  84.    QaanT  In  Ooal  HeMDra  iandstoiw,  north  of  Lrnnvlllei  Motion  S4,  BlohlaBd  townlblp. 


Similar  strata  are  exposed  at  intervals  for  aboot  one-half 
mile  south  alooR  this  side  of  the  valley. 
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Mr.  J.  D.  Whitney*  mentions  sandstone  outcropping  in  "low 
ledges  along  the  North  Skunk,  below  the  junction  with  Rock 
creek."  These  are  referred  by  him  to  the  same  horizon  as  the 
heavy  sandstone  exposed  on  Rock  creek  and  on  North  Skunk 
river,  east  of  Kellogg.  The  present  study  indicates  that  the 
sandstone  noted  by  Whitney  should  be  referred  to  the  coal- 
bearing  strata,  while  the  sandstone  along  Rock  creek  belongs 
to  the  Red  Rock  sandstone  formation  which  will  be  considered 
later. 

About  ten  feet  of  sandstone  are  exposed  near  the  middle  of 
section  16,  Richland  township,  on  the  west  bank  of  the  river  a 
short  distance  south  of  the  bridge,  where  a  considerable  amount 
seems  to  have  been  quarried,  although  no  work  has  been  done 
here  for  years.  This  rock  probably  belongs  to  the  Red  Rock 
sandstone. 

In  the  region  to  the  west  of  the  belt  of  Red  Rock  sandstone, 
exposures  are  found  along  Skunk  river  below  the  junction  of 
Indian  creek,  along  Cherry  creek  west  of  Newton,  and  at  vari- 
ous points  in  the  northern  part  of  Palo  Alto  township.  In  the 
southwest  corner  of  the  county  the  small  streams,  Brush,  Cal- 
houn and  Walnut  creeks,  have  exposed  the  Coal  Measures  along 
their  courses. 

A  well  at  the  McAllister  clay  plant  in  Newton,  affords  the 
following  section: 

VEET. 

4.     Soil,  yellow  clay  and  blue  gravelly  clay 100 

3.     Sandstone 10 

2.     Soapstone,  clean;  slate;  one  inch  coal;  fire  clay, 

S3-called 100 

1 .     Sandstone 15 

One-half  mile  north  of  the  Chicago  Rock  Island  &  Pacific 
railroad  bridge  over  the  Skunk  river,  in  section  10  of  Mound 
Prairie  township,  where  the  river  runs  close  to  the  east  valley 
wall,  the  following  sequence  of  strata  has  been  observed  in 
coal  mining  operations,  but  the  thickness  of  the  various  mem- 
bers can  not  be  given  because  of  their  variability.  Here  a  heavy 
mantle  of  Kansan  drift  and  loess  overlies  the  Coal  Measures. 
The  indurated  rocks  are  frequently  separated  by  a  few  feet  of 
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stratified  sand  and  gravel  from  the  drift  materials.  First  beneath 
the  drift,  is  a  two-foot  seam  of  coal.  Beneath  this  are  fire  clay, 
shales  and  sandstones,  thirty  to  thirty-five  feet.  A  lower  vein 
of  coal,  varying  from  fourteen  inches  to  foar  feet  in  thickness, 
occurs  near  the  water  level  and  it  is  nsaally  overlain  by  a  thin 
band  of  sandstone.  Large  masses  of  calcareous  clay-ironstone 
occur  in  connection  with  the  coal  seam.  A  carbonaceous  shale 
lies  above  this  sandstone  roof,  then  a  band  of  white  sandstone 
which  grades  into  sandy  shales  above.  The  complete  section 
at  this  point  involves  some  forty  feet  of  Coal  Measure  strata. 

lathe  northwest  i  of  section  4  of  Mound  Prairie  township, 
west  of  the  wagon  bridjs^e,  the  Skunk  river  flows  at  the  foot  of 
an  exposure  which  shows  in  general  the  following  sequence. 
The  various  layers  change  rapidly,  both  in  character  and  thick- 
ness, when  followed  along  the  outcrop.  The  measurements 
given  were  made  near  the  east  end  of  the  exposure. 

rXBT.       INCHES. 

6.  Sandy  loess 15  to  18 

5.  Sandy  clay-shale,  grading  into  laminated 

sandstone 17 

4.  Sandstone 4     6 

3.  Carbonaceous  shale,  coaly 1 

2.  Fire  clay,  with  iron  concretions 2 

1 .  Arenaceous  clay-shale,  and  talus,  to  water    6  to  8 

A  shaft  at  the  **Klondike"  coal  mine  in  the  northeast  J  of 
section  20,  Mound  Prairie  township,  was  sunk  through  the  fol- 
lowing strata: 

WKET.     mOHEB 

8.     Clay,  free  from  gravel 15 

7.  Black  slate 5 

6.  Coal 8 

5.  "  Fire  clay,"  including  eight  inches  of  sand- 

stone      13 

4.  Flint  rock  (*  'cap  rock") 10 

3.  Black  slate 35 

2.  '*  Corduroy."   slate   (white  with    streaks  of 

limestone) 20       6 

1.     Coal... 4       8 

The  following  is  the  section  of  a  well  put  down  on  the  farm 
of  A.  W.  McDonald,  in  the  southwest  i  of  section  8,  Washington 
township: 
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10.  Yellow  bowldarcla;? 100 

9.  Hwdrock  1 

B.  SlftteMdahAle.... 40 

7.  Co»l Z 

6.  "PIcecUy" 2 

5.  Slate 18 

4.  Co*l 2 

3.  "PirecUy" 4 

2.  Magnetic  Mod  rock,  grey 8 

1.  Rock,browii ^2 


hi  bloMom  vid  (hAle  i 


At  the  G.  H.  Orcutt  brick  plant,  one-half  mile  west  of  the 
towD  of  Monroe,  shale  and  fire  claj  of  the  Des  Moines  stage 
are  made  nse  of.  The  absence  of  the  usual  interbedded  sand- 
stone is  especially  noticeable.  The  pit  section  includes  nine 
feet  of  fire  clay  below  a  thin  band  of  coal  blossom,  the  latter 
being  covered  with  a  few  feet  of  loess-drift  clay.    See  figure  25. 
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About  five  feet  below  the  bottom  of  the  bank  is  a  ten-inch 
seam  of  coal.  This  crops  out  in  a  ravine  a  short  distance 
below  the  plant.  Beneath  this  coal  the  fire  clay  has  been 
penetrated  to  a  depth  of  twenty-five  feet.  The  well  at  this  plant 
is  197  feet  in  depth.  No  coal  appeared  in  the  well  section,  the 
lower  ninety-seven  feet  being  reported  as  through  sandstone. 
In  sinking  a  shaft  at  the  Win.  White  mine  in  section  22, 
Des  Moines  township,  the  following  strata  were  penetrated. 
The  shaft  is  located  on  the  slope  at  the  west  edge  of  the  valley 
of  Walnut  creek. 

WWKT.      INOHEB. 

6.     Gravelly  surface  clay 15 

5.     Sandstone 4 

4.    Sandy  fire  clay 14       3 

3.     •*  Cap  rock*'  (limestone) 1        6 

2.    Slate,  jointed 2 

1.     Coal 4 

The  foregoing  sections  will  emphasize  the  variability  of  the 
Coal  Measure  strata..  The  localities  in  which  exposures  are 
most  abundant  represent  areas  of  thin  drift  covering.  In  such 
areas  the  coal-bearing  strata  lie  close  to  the  surface,  and  in 
these  regions  the  most  of  the  coal  mining  has  been  done.  The 
coal  beds  of  the  county  that  have  been  explored  appear  to 
exist  in  separate^andj  isolated]  basins  of  limited  extent.  The 
lack  of  persistence  of  individual  strata  in  general  makes  it  im- 
possible to  accomplish  much  in  the  way  of  correlation  between 
separated  localities. 

C  RBD  BOOK  SANDSTONE. 

This  formation  is  included  in  the  Des  Moines  stage  of  the 
Upper  Carboniferous  series,  but  it  may  be  differentiated  from 
the2  Coal  Measures  proper  because  of  its  uniformity,  and  the 
somewhat  unique  relation  which  it  appears  to  bear  to  the  other 
members  of  the  series.  In  Jasper  county  it  occupies  a  narrow, 
elongated  area  coextensive  in  direction  and  width  with  the 
territory  covered  by  it  in  Marion  county.  While  its  boundaries 
could  not  be  accurately  traced,  its  probable  limits  have  been 
mapped  by  a  study  of  outcrops  and  well  sections.  The  general 
trend  is  northeast-southwest,  and  in  width  it  averages  two  and 
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one-half  to  three  miles,  tapftring  to  the  northward.  No  evi- 
dence of  it  was  found  beyond  the  exposures  along  Rock  creek 
and  its  branches  in  sections  9  and  16  of  Rock  Greek  township. 

Outcrops  of  this  rock  are  to  be  seen  at  various  points  near 
Reasnor,  on  both  sides  of  the  Skunk  river;  along  Buck  creek; 
on  Elk  creek  near  Murphy;  along  North  Skunk  river  in  the 
vicinity  of  Kellogg,  and  on  Rock  creek  as  noted  above. 

Mr.  B.  L.  Miller  *  has  briefly  described  the  quarry  exposure 
in  the  northwest  J  of  section  8,  Fairview  township,  as  follows: 


4.    Soil 1 

3.     Weathered,  browa  sandstone 9 

2.     Heavy  beds,  yellow-grey,  variegated 10 

1.     Dark  red  sandstone,  heavy  bedded 8 

Two  small  quarries  are  opened  here  and  both  the  brown  and 
the  red  stone  have  been  taken  out.  Cross-bedding  is  very  con- 
spicuous in  the  upper  part  of  the  section.  The  change  in  color 
is  gradual  from  the  top  downwards,  and  appears  to  be  due  to 
the  degree  of  leaching  and  hydration  which  the  rock  has  under- 
gone. Chemical  tests  of  the  brown  sandstone  show  a  loss  on 
ignition  of  3.8  per  cent,  and  16.27  per  cent  of  iron  and  alumina 
oxides.  The  dark  variety  pulverizes  to  a  deep  red  and  ocherous 
powder,  and  analyzes  31.5  per  cent  Fe,0,.  At  one  point  in  sec- 
tion 21  of  Fairview  township  a  weathered  outcrop  of  the  red 
stone  occurs  from  which  the  resulting  ocherous  iron  oxide  has 
been  taken  for  mineral  paint.  In  places  in  both  the  red  and 
the  brown  sandstone  bands  or  nodules  of  a  dense,  flinty  char- 
acter occur,  which  appear  to  be  quartzitic  in  nature  and  origin. 

The  outcrop  of  this  rock  is  practically  continuous  along  the 
west  border  of  the  Skunk  river  valley  from  the  exposure  just 
described  to  those  along  Buck  creek  near  Monroe.  The  hills 
bounding  the  valley  are  all  supported  by  the  sandstone,  and 
where  the  river  flows  close  to  the  west  edge  of  its  valley,  west 
of  Reasnor,  the  brown  sandstone  appears  as  a  continuous  ledge 
for  some  distance  in  section  10  of  Palo  Alto,  and  section  9  of 
Fairview  townships.  In  the  road  across  the  south  part  of  sec- 
tion 29,  Fairview  township,  the  sandstone  is  exposed  on  both 
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sides  of  small  stream  near  the  center  of  the  section,  east  and 
west.  The  drift  covering  is  thin  here  and  the  rock  is  weathered 
into  a  friable  sand  which  can  be  removed  with  the  shovel. 
The  sandstone  outcrops  again  at  the  point  of  a  prominent  hill 
known  as  '*Stony  Point"  in  section  14,  Elk  Creek  township, 
where  the  river  flows  near  the  east  side  of  its  valley.  A  thick- 
ness of  about  forty  feet  of  heavy  beds  is  exposed,  having  the 
usual  texture  and  brown  to  gray  color.  Although  quarrying 
has  been  done  here,  the  section  is  much  obscured  and  the  red 
sandstone  can  not  be  seen  in  place.  However,  the  presence  of 
loose  fragments,  indicate  that  the  dark  red  variety  is  present 
above  the  water  level  of  the  river.  Fairly  well  preserved  frag- 
ments of  Calamite  stems  are  to  be  found  in  the  talus  from  the 
weathered  top  strata. 

On  the  hill  slope  a  short  distance  north  of  the  town  of  Reas- 
nor,  fourteen  feet  of  the  sandstone  may  be  observed  in  a  small 
quarry;  the  prevailing  color  is  brown,  approaching  a  red,  in 
places.  The  sand  grains  are  at  times  so  coarse  and  irregular  in 
size  as  to  give  the  rock  a  finely  conglomeratic  texture.  Many 
of  the  largest  grains  are  of  a  jaspery  nature,  and  some, 
approaching  a  pebble  in  size,  appear  to  be  fragments  of  an 
earlier  sandstone.  Cross  bedding  is  not  uncommon.  The  base 
of  this  exposure  is  about  sixty  feet  above  the  flood  plain.  In 
detail,  this  section  is  as  follows: 

FBBT.      IR0HE8. 

7.     Loess,  becoming  fine  sand  on  the  hill-top...  4 

6.     Buff  sandstone,  micaceous 6 

5.     Brown  sandstone,  cross-bedded 2 

4.     Heavy-bedded  sandstone,  conglomeratic ....  2       6 
3.     Laminated,  red   and  grey  sandstone,  cross- 
bedded 1       6 

2.     Heavy  bed  of  brown  sandstone,  containing 

ferruginous,  sometimes  hollow,  nodules 4       6 

1.     Like  No.  2  to  base  of  quarry 3 

In  the  northwest  J  of  section  21,  Buena  Vista  town- 
ship, on  Elk  creek,  there  is  exposed  in  two  small  quarries  a 
maximum  thickness  of  twenty-two  feet  of  the  sandstone.  It 
exhibits  the  same  characters  as  in  former  sections  as  to  bedding 
and  color.  Some  of  the  red  is  to  be  seen  but  the  brown  variety 
prevails.  In  the  Lanphear  quarry  the  jaspery,  quartzitic 
bands  ^.re  quite  pronounced,  as  are  also  the  spheroidal  nodules. 


RID  BOOK  SAHDSTOHS.  319 

The  latter  frequently  consist  of  concentric,  ferruginous  shells 
between  which  sandstone  is  intercalated.  The  greatest  thick- 
ness of  beds  is  found  in  the  old  Dooley  quarry,  where  the  fer- 
ruginous bands  appear  as  firm  crusts  of  siliceous  limonite, 
separating  the  major  beds  of  the  section.  The  rock  is  coarse 
in  texture,  friable,  and  varies  in  color  from  gray  to  deep  red. 
All  the  layers  seem  to  be  thoroughly  impregnated  with  iron 
oxide. 


The  Red  Rock  sandstone  ontcrops  on  both  sides  of  the  North 
Skunk  river  east  of  Kellogg.  In  the  western  part  of  section  30, 
Rock  Creek  township,  a  quarry  face  some  six  to  eight  hundred 
feet  in  length  has  been  opened  along  a  small  creek.  See  figure  26. 
In  the  northeast  ^  of  section  25,  Kellogg  township,  the  sandstone 
may  be  seen  in  the  old  railroad  quarry.  In  the  southeast  ^  of 
the  same  section  along  a  small  creek  entering  from  the  south, 
heavy  ledges  of  the  same  strata  are  exposed.  The  maximum 
thickness  here  is  twenty-five  feet,  while  along  the  north  side  of 
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the  river  but  sixtean  to  eighteen  feet  are  in  view.  The  nature 
of  the  sandstone  is  such  as  to  leave  no  doubt  of  its  equivalence 
with  the  beds  on  Elk  creek  near  Murphy.  The  concretionary 
iron  nodules  are  more  common  here,  being  frequently  of  con- 
siderable size,  and  partly  filled  with  argillaceous  material.  Tbe 
dense,  siliceous  bands  are  quite  conspicuous,  assuming  often  tbe 
appearance  and  properties  of  a  partially  hydrated  hematite  iron 
ore.  They  mark  the  lines  of  contact  between  heavy  beds,  and 
attain  a  thickness  of  several  inches. 

The  quarry  openings  along  Rock  creek,  in  section  17  of  Rock 
Creek  township,  are  the  most  northerly  exposures  of  this 
formation  in  the  county.  At  the  old  Morgan  quarry  in  the 
northwest  J  of  the  same  section  the  following  strata  may  be 
seen : 
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5,  Kansan  bowlder  clay 8 

4.  Weathered,  brown  landitone 1      6 

3.  Ledge  of  bnff  sandstone 6 

2.  Shattered  and  cross-bedded  sandstone 2 

1.  Reddish-brown  sandstone  in  a  heavy  bed 4 

Prospecting  in  the  neighborhood  indicates  the  presence  of 
the  sandstone  as  far  north  as  the  edge  of  this  section,  and 
towards  the  northeast  into  section  8.  The  rock  has  been  quar- 
ried near  tbe  middle  of  section  17  where  the  wagon  road 
crosses  Rock  creek.  In  the  northeast  J  of  the  northwest 
J  of  section  9,  along  a  branch  of  Rock  creek,  a  spring  line 
appears  to  represent  the  base  of  the  sandstone.  A  few  feet 
only  of  crumbled  sandstone  are  to  be  seen  in  place,  but  the 
evidence  here,  and  in  section  6  to  the  south,  goes  to  indicate 
that  this  formation  is  very  thin.  No  further  trace  of  it  is  to 
be  found  towards  the  northeast. 

The  Red  Rock  sandstone  appears  to  occupy  a  narrow,  elon- 
gated depression  in  the  Coal  Measure  strata.  In  general  it 
stands  higher  than  the  Coal  Measures  outcropping  on  either 
side  of  it,  but  this  may  be  accounted  for  by  its  more  resistant 
character.  It  lies  unconformably  upon  the  Coal  Measures  and, 
at  two  points  where  it  has  been  penetrated,  the  Coal  Measure 
strata  lie  beneath  it.    At  the  Herwehe  quarry  west  of  Reasnor, 
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!□  Fairview  township,  a  drilling  passed  through  thirty-five  feet 
of  the  sandstone  below  the  base  of  the  qnarry  before  reaching 
the  shales.  At  this  point  therefore  the  sandstone  has  a  total 
thickness  of  at  least  fifty-nine  feet.  On  the  farm  of  Cyrus 
Nolan  in  the  southwest  i  of  section  23",  in  Fairview  township, 
the  following  is  the  section  shown  in  a  well: 

6.  Brown  sandstone 2 

S.  Clay 12 

4.  Slate 54      6 

3 .  Hard  sandstone 1     6 

2.  Coal  (?) 4      6 

1.  White  sandstone 9 


The  brown  sandstone  may  be  seen  in  place  at  the  top  of  the 
well,  and  undoubtedly  represents  the  attenuated,  eastern  border 
of  the  Ked  Rock  formation. 
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In  Marion  county  the  Red  Rock  sandstone  is  known  to  rest 
directly  upon  the  Saint  Louis  beds  at  a  point  near  Elk  Cliflf. 
Elsewhere  in  this  county,  and  wherever  observed  in  Jasper 
county,  Coal  Measure  shales  underlie  the  sandstone.  The 
thickness  of  this  formation  in  Marion  county  is  estimated  at 
100  feet.  So  far  as  can  be  ascertained,  its  thickness  ii^  Jasper 
county  ranges  from  more  than  sixty  feet  as  a  maximum,  near 
Monroe,  to  nothing  in  Rock  Creek  township  where  it  disappears. 
The  area  occupied  by  it  is  tongue-shaped  tapering  to  the  north. 

Mr.  B.  L.  Miller*  suggests  contemporaneous  erosion  as  the 
best  explanation  for  the  peculiar  occurrence  of  this  sandstone. 
It  undoubtedly  occupies  a  valley  in  the  Coal  Measure  strata, 
and  contemporaneous  excavation  appears  adequately  to  account 
for  such  a  depression.  Some  clue  as  to  the  direction  from  which 
the  sand  was  brought  in  during  deposition  may  perhaps  be 
obtained  by  a  study  of  the  cross-bedding  which  is  conspicuous 
in  nearly  every  exposure.  This  structure  is  often  clearly 
brought  out  by  the  presence  of  alternating  laminae  of  brown 
or  dark  red,  and  bufP  to  light  yellow  sands.  While  the  dip  and 
the  strike  of  the  cross  beds  were  not  found  to  be  constant  in 
any  two  exposures,  nor  in  any  two  beds  in  the  same  exposure, 
it  was  observed  that  the  strike  was  prevailingly  to  the  south  of 
east  and  in  a  number  of  instances,  where  it  could  be  accurately 
measured,  proved  to  be  at  essentially  right  angles  to  the  north- 
east-southwest direction  of  the  depression  which  the  sandstone 
fills.  This  is,  of  course,  not  corroborative  evidence  as  to  the 
origin  of  the  depression  itself  but  rather  points  to  the  fact  only 
that  much  of  the  deposit  was  put  down  by  water  moving  in  a 
definite  and  constant  direction;  and  the  attitude  of  the  bedding 
planes  suggest  as  the  agent  a  current  of  water  flowing  through 
this  ancient  valley. 


*Geolog7  of  Marlon  County.    Iowa  Geol.  Sarv. ,  Vol.  XI,  p.  IM,  1001. 
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Pleistocene  System. 

Glacial  deposits  cover  essentially  the  whole  of  Jasper  county. 
Materials  representing  three  ice  invasions  are  present.  They 
consist  in  large  part  of  bowlder  clays  associated  with  gravels, 
sands  and  silts  that  have  been  partially  reassorted  by  the 
erosive  agents.  As  mentioned  under  Topography,  the  surface 
features  of  the  county  are  in  general  due  to  the  ice  deposits. 
The  maximum  recorded  thickness  of  the  drift  is  320  feet. 

At  some  points  beds  of  gravel  and  sand  are  found  at  the 
base  of  the  Kansan  drift.  In  fact,  it  is  quite  the  usual  thing 
for  well  drillers  to  report  such  beds  immediately  overlying  the 
shales  of  the  Coal  Measures.  It  is  possible  that  these  may 
indicate  an  earlier  or  pre-Kansan  drift.  No  exposures  were 
observed,  however,  nor  were  accurate  well  data  secured  show- 
ing the  presence  of  an  earlier  drift.  The  gravel  beds  could 
have  been  derived  from  the  Kansan  during  its  deposition. 

Deposits  referable  to  the  Pleistocene  system  are,  therefore, 
the  Kansan  drift,  a  possible  thin  veneer  of  lowan,  the  loess, 
Wisconsin  drift  and  post-glacial  materials. 

KANSAN  STAGE. 

Jasper  county  is  included  in  the  area  covered  by  the  Kansan 
glacier  which  extended  southward  far  beyond  the  borders  of 
the  state,  into  Missouri  and  Kansas.  The  materials  left  by  this 
sheet  of  ice  comprise  in  general  a  heavy  deposit  of  heteroge- 
neous bowlder  clay  that  mantles  the  whole  county.  The  char- 
acter of  the  drift  is  not  constant.  In  places  it  becomes  very 
gravelly  and  by  its  partial  stratification  shows  the  effect  of 
running  water  in  its  deposition.  Pockets  and  lenses  of  sand  are 
not  infrequent  in  the  bowlder  clay.  The  Kansan  varies  a  great 
deal  in  thickness  according  to  irregularities  of  the  old  land  sur- 
face on  which  it  was  spread.  It  is  not  uncommon  to  find  well 
sections  in  which  a  thickness  of  200  feet  of  material  referable 
to  the  Kansan  has  been  penetrated.  Notable  areas  where  the 
drift  is  unusually  thick  are  northern  Newton  township  and  in 
much  of  the  northern  part  of  the  county. 
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Exposures  of  any  considerable  importance  are  rare.  At  occa- 
sional points  along  North  Skunk  the  river  has  gouged  out  its 
valley  walls,  and  sections  of  some  interest  may  be  observed. 
Near  the  southeast  corner  of  section  5,  Richland  township,  at 
the  west  bank  of  the  river,  is  an  outcrop  thirty-seven  feet  in 
thickness  of  modified  Eansan  drift,  capped  with  thirteen  feet 
of  loess.  The  drift  is  very  sandy,  the  sand  being  mostly  in 
pockets,  although  it  is  in  part  stratified.  The  whole  sec 
tion  is  brown  and  iron-stained  and  certain  bands  are  quite 
firmly  cemented  with  iron  oxide. 

In  the  southwest  i  of  section  8,  Kellogg  township,  and  t^outh- 
ward  into  section  17,  the  river  is  skirted  on  the  south  by  high 
bluffs  of  Kansan  till  and  loess.  In  these  bluffs  exposures,  sixty 
to  seventy  feet  in  thickness,  of  blue  and  oxidized  till  are  seen, 
capped  with  twenty  feet  or  more  of  loess.  The  bluffs  rise 
immediately  from  the  river  and  form  a  conspicuously  abrupt 
topographic  feature.  Farther  up  the  North  Skunk  river,  in  sec- 
tion 1  of  Newton  township,  near  the  middle  of  the  north  side 
of  the  section, about  forty-three  feet  of  typical  Kansan  drift  are 
exposed.  The  lower  twenty-two  feet  are  oxidized,  blue  bowl- 
der clay. 

Railroad  cuts  furnish  occasional  instructive  drift  sections. 
Figure  28  is  from  a  photograph  showing  a  hill  of  Kansan  drift, 
covered  with  loess.  At  the  contact  of  the  loess  and  drift  there 
is  frequently  found  a  band  of  iron-stained  bowlders  which  con- 
forms to  the  contour  of  the  drift  surface.  These  are  large  and 
small,  but  all  above  the  sand  grain  in  size.  The  ferretto  is 
always  conspicuously  evident,  which  indicates  a  long  period  of 
weathering  prior  to  the  loess.  If  it  is  granted  that  winds  have 
been  instrumental  in  loess  deposition,  the  bowlder  bands  may 
represent  the  heavier  portions  of  the  till  which  neither  the 
wind  nor  rain  erosion  could  easily  remove;  considering  loess 
deposition  to  have  been  well  under  way  while  the  drift  surface 
was  still  largely  unprotected  by  vegetation. 

The  number  of  classes  of  rocks  represented  in  the  bowlders 
of  the  Kansan  drift  is  surprising.  And  yet  when  one  reflects 
that  some  have  been  transported  from  even  the  more  remote 
regions  of  Canada,  there  is  little  cause  for  surprise .     A  list  of 
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the  varieties  picked  from  oue  exposure,  not  more  than  fifteen 
feet  Id  vertical  extent,  includes  the  following  which  were 
recognized  with  the  naked  eye:  chalcedonic  quartz,  white 
glassy  quartz,  jaspery  flint,  quartz  porphyry,  fine-grained  gray 
granite,  fine-grained  pink  granite,  coarse-grained  pink  and 
gray  granites,  dark  gray    homblendic  gneiss,  white,  red  and 


pink  quartzitps,  weathered  limestone,  gray  sandstone,  clay 
ironstone  and  septarian  nodules  with  calcite  veining.  Aside 
from  those  listed,  at  least  a  dozen  varieties  of  the  darker  colored, 
more  basic,  igneous  rocks  were  collected  which  would  require 
microscopic  examination  for  even  an  approximate  classifica- 
tion. 
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lOWAN  STAGE. 

The  observed  facts  concerning  the  lowan  drift  in  this  county 
have  been  fully  stated  under  Topography.  No  deposits  of 
characteristic  bowlder  clay  attributable  to  this  ice  sheet  were 
found.  Occasional  large,  fresh  granite  bowlders  and  the  gen- 
eral monotonous,  level  surface  constitute  the  basis  for  the 
inference  that  the  lowan  ice  probably  spread  over  the  north- 
east corner  of  the  county. 

LOESS. 

The  loess  of  this  area  exhibits  the  usual  characteristics  of 
that  deposit.  It  is  a  fine-grained,  silty  material,  which  forms 
a  continuous  surface  covering  over  the  whole  county  outside 
of  the  area  of  Wisconsin  drift.  It  is  universally  pebbleless  with 
the  exception  of  the  lime  carbonate  concretions  which  in  places 
are  very  abundant.  The  loess  frequently  grades  downward 
into  more  sandy  varieties,  and  even  into  fine  sand,  at  times, 
which  appears  to  be  continuous  with  the  body  of  the  deposit. 
It  varies  in  thickness  from  a  scarcely  recognizable  veneer  to  a 
thickness  of  more  than  twenty-five  feet.  Although  usually 
structureless,  a  banding  is  frequently  noticeable,  but  the  bands 
are  not  persistent  or  uniformly  horizontal,  and  will  not  be  mis- 
taken for  the  characteristic  stratification  of  strictly  water-laid 
sediments. 

As  has  been  noticed  in  other  portions  of  the  state,  the  loess 
appears  to  bear  a  genetic  relationship  to  the  lowan  drift.  Skirt- 
ing the  edge  of  this  drift  sheet,  the  loess  hills  are  generally  con- 
spicuous and  from  this  belt  the  loess  is  spread  over  all  earlier 
formations  to  the  southward  beyond  the  boundary  of  the  state. 
In  Marshall  and  Tama  counties  loess  overlies  the  lowan  drift 
near  the  border  of  this  drift  sheet. 

It  is  found,  further,  that  the  loess  materials  are  in  general 
coarser  near  the  lowan  border  and  grade  into  finer  and  finer 
silts  as  its  distance  increases.  This  rule  will  scarcely  hold 
where,  as  in  many  instances,  the  loess  bordering  river  valleys 
can  be  seen  to  have  come  partly  from  the  flood  plain  itself. 

There  are  certain  features  of  the  loess  and  its  relation  to  as- 
sociated deposits  that  may  be  mentioned.    It  was  possible  in  a 
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few  instances  to  view  sections  showing  loess  covering  irregu- 
larities in  the  Kansan  drift  surface.  Asa  general  rule  the  to- 
pogra.phy  of  the  underlying  Kansan  is  preserved  in  the  loess 
features  of  today.  The  thickest  loess  rests  on  the  tops  of  the 
hills,  but  the  capping  of  loess  does  not  always  cover  symmet- 
rically the  earlier  contours.  Occasional  road  cuts,  the  best  ex- 
amples of  which  were  observed  ,  along  Rock  creek  in  Hickory 
Grove  township,  show  the  greater  thickness  of  loess  on  one 
flank  of  the  old  Kansan  hills  to  such  an  extent  that  the  highest 
points  of  the  present  surface  come  above  the  flanks,  rather 
than  over  the  old  hilltops.  Materials  deposited  by  winds  are 
heaped  up  largely  on  the  opposite  side  of  an  obstruction  from 
which  the  wind  blows.  Could  a  suflBcient  number  of  sections 
be  studied,  they  might  aflford  a  definite  clue  as  to  the  direction 
of  the  prevailing  winds  during  loess  deposition. 

Another  possible  clue  to  the  wind  direction  may  be  had  from 
the  fact  that  the  thickest  accumulations  are  found  along  the 
east  and  south  borders  of  the  river  valleys.  This  distribution 
suggests  northwest  winds,  and  the  great  thickness  of  the 
deposits  suggests  a  readily  available  source  of  supply.  The 
broad,  open  flood  plains  of  the  rivers  may  themselves  have 
afforded  material  transportable  by  winds.  Dr.  Beyer*,  in  his 
report  on  Story  county,  has  pointed  out  that  such  accumulation 
is  in  places  going  on  at  the  present  time.  This  process  can  be 
observed  at  several  points  along  the  Skunk  river  where  sands 
are  shifting  to  such  an  extent  that  considerable  areas  are  made 
barren  of  vegetation.  The  deposition  of  considerable  quanti- 
ties of  material  similar  to  that  which  makes  up  the  mass  of  the 
loess  is  not,  however,  believed  to  be  going  on  in  this  county  at 
present. 

Shells  of  land  mollusks  are  found  in  the  loess  at  various 
points.  No  effort  was  made  to  collect  a  complete  series  of  the 
fossils  in  the  loess.  Prof.  T.  E.  Savage  has  identified  the  fol- 
lowing: Succinia  avara  Say,  Succinia  ovata  Say,  Polygyra 
multilineata  Say,  Pyramidula  striatella  Anth.  The  fossils  were 
most  abundant  in  the  heavy  deposits  occurring  along  the  prin- 
cipal waterways.  In  fact,  few,  if  any,  were  seen  in  upland 
localities. 

*Ano.  Bep.  loxra  Qeol.  Sorv.,   Vol.  IX,   p.  218,  1396. 
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The  best  sections  of  the  loess  are  to  be  observed  io  road  cuts 
along  the  major  streams.  Figure  29  is  a  typical  exposure  at  the 
southeast  corner  of  section  20,  Elk  Creek  township.  Molluscao 
remains  and  calcium  carbonate  concretions  are  abundant  in 
this  exposure.  Excellent  sections  are  also  to  be  observed  along 
the  Chicago,  Rock  Island  and  Pacific  railway  east  of  Colfax. 
Where  the  railroad  leaves  the  flood  plain  of  the  Skunk  river,  in 
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section  6,  Mound  Prairie  township,  a  hill  is  dissected,  exposing 
to  view  a  thickness  of  twenty-five  to  thirty  feet  of  loess. 
Fossils  are  especially  abundant  in  all  portions  of  the  section. 

Loess  buried  beneath  the  Wisconsin  is  to  be  seen  at  a  few 
points  near  the  border  of  this  drift  sheet.  Such  loess  is  in 
{general  of  a  bluish  color,  streaked  with  iron  oxide.  A  typical 
exposure  of  this  nature  was  observed  near  the  northeast  corner 
of  section  7,  Clear  Creek  township,  in  the   valley  of  Silver 
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creek.  Here,  some  300  yards  below  the  east  and  west  road, 
fifteen  feet  of  loess  were  seen  beneath  twelve  feet  of  Wisconsin 
drift.  The  upper  portion  of  the  loess  is  filled  with  root  casts  of 
iron  oxide,  and  seams  of  iron  stains  traverse  it  irregularly.  The 
casts  are  hollow,  with  occasional  exceptions  where  decayed 
organic  matter  is  still  in  them,  and  are  frequently  from  one  to 
one  and  one-half  inches  in  diameter.  These  features  both 
disappear  with  depth,  and  the  lower  part  of  the  section  is 
clear  steel-blue  in  color. 

A  similar  phase  of  the  loess  was  found  on  the  farm  of  Mr. 
Andrew  Engle,  one-half  mile  north  of  Metz.  Along  a  gully 
leading  into  the  valley  of  the  Skunk  river  a  few  feet  of  steel- 
blue  clay,  overlain  by  a  foot  or  two  of  deep  red  clay,  are  to  be 
seen,  both  covered  with  six  to  eight  feet  of  soil  wash  from  the 
neighboring  hillsides.  The  blue  clay  has  very  tine  and  sharp 
grains.  It  has  been  utilized  to  a  limited  extent  as  a  polishing 
agent  for  domestic  purposes,  and  besides  it  possesses  decidedly 
saponaceous  properties. 

WISCONSIN  STAGE. 

The  Wisconsin  ice  deposited  drift  over  a  small  area  in  the 
northwest  corner  of  the  county.  The  earlier  topographic  fea- 
tures were  obliterated  by  the  Wisconsin  glacier,  in  part  by  the 
distinctive  material  that  it  deposited.  Owing  to  its  compara- 
tively recent  date,  leaching  and  oxidation  of  this  drift  sheet 
have  not  progressed  to  the  advanced  stage  represented  in  the 
Kansan  till.  It  is  to  be  remarked,  too,  that  there  is  quite  a 
marked  difference  in  the  degree  of  freshness  between  the  Wis- 
consin till,  as  exposed  in  Jasper  county,  and  the  same  drift  in 
portions  of  Story  and  other  counties  to  the  north.  The  deposits 
in  this  area  mark  an  early  advance  of  the  Wisconsin  lobe. 

The  drift  is  composed  of  a  promiscuous  mixture  of  clay,  rock 
flour,  bowlders  of  all  sizes  and  many  varieties.  While  in  the 
Kansan  the  more  basic  igneous  rocks  were  the  predominant 
types,  in  this  later  drift  the  granites  and  light  colored  varieties 
prevail.  The  drift  has  been  locally  modified  by  the  action  of 
water  but  in  general  it  still  retains  the  characteristic  properties 
of  glacial  deposits.     North  of  Indian  creek,  in  the  southern  part 
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of  Clear  Creek  township,  the  hills  are  of  morainal  character. 
They  are  knobby  and  the  materials  composing  them  are  very 
gravelly.  This  may  be  observed  in  the  roads  crossing  them 
and  is  quite  apparent  in  some  places  by  the  scantiness  of  the 
vegetation.  With  this  exception,  the  Wisconsin  is  a  thin  sheet 
of  typical  glacial  till  which  is  much  attenuated  at  its  borders. 
The  flow  of  water  during  the  melting  of  the  ice  appears  not  to 
have  been  great  for  the  common extra-morainal  features,  gravel 
terraces  and  trains,  are  practically  absent. 

The  thickness  of  the  Wisconsin  drift  is  not  great.  It  is 
seldom  possible  to  obtain  reliable  data  from  the  wells  in  the 
area,  but  where  exposed  along  stream-ways  thirty-five  feet  is 
about  the  maximum  thickness.  On  Silver  creek,  in  section  7, 
Clear  Creek  township,  exposures  are  to  be  seen.  The  upper 
fifteen  to  eighteen  feet  are  oxidized  to  a  buff  or  yellowish  hue 
while  below,  the  original  blue  color  is  preserved.  It  is  very 
calcareous,  effervescing  freely  with  acid  in  all  parts  of  the  sec- 
tion. Good  exposures  are  also  to  be  seen  along  Wolf  creek,  at 
Valeria,  and  along  an  unnamed  tributary  of  the  Skunk  river, 
previously  mentioned,  in  sections  8  and  9  of  Washington 
township. 

POST-GLACIAL  SANDS.  SILTS  AND  ALLUVIUM. 

Attention  has  already  been  directed  to  the  occurrence  of 
mixed  sandy  and  silty  deposits,  especially  bordering  the  Skunk 
river  valley.  The  deposits  appear  typically  as  hills,  in  greatest 
number  along  the  eastern  side. of  the  valley.  In  the  region  of 
Colfax,  where  the  river  has  an  east  and  west  direction,  abundant 
materials  of  this  nature  are  found  on  the  upland  back  from  the 
river. 

In  Poweshiek  township,  over  the  Wisconsin  drift  area,  simi- 
lar materials  skirt  the  flood  plain  and  cover  the  hills  to  a  dis- 
tance of  from  one  to  three  miles  from  the  stream.  The  deposit 
here  very  much  resembles  the  loess.  There  are  no  fossils, 
however,  and  \iiie  material  is  more  sandy  and  works  up  in  the 
road  beds  to  depths  of  six  or  eight  inches.  In  this  region  the 
source  is  undoubtedly  the  broad  flood  plain  of  the  river,  and 
the  movement  of  the  materials  is  still  in  progress.    The  de- 
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posit  here  is  continuous  with  that  outside  of  the  Wisconsin 
area  which  covers,  to  a  considerable  depth  in  places,  the  ad- 
jacent uplands  in  the  vicinity  of  Oswalt.  Difficulty  was  found 
in  accurately  tracing  the  boundary  of  the  newer  drift  in  south- 
ern Poweshiek  township  because  of  the  heavy  mantle  of  this 
recent  deposit. 

In  this  portion  of  the  county,  as  also  in  the  region  of  Colfax, 
these  deposits  closely  resemble  the  loess,  in  fact,  it  is  impossi- 
ble to  make  out  clearly  the  exact  relation  of  the  two.  In  the 
town  of  Colfax,  typical  loess  is  used  for  brick  making,  while 
south  of  the  town  what  appears  to  be  a  continuation  of  the 
loess  is  a  very  sandy  silt  which  possesses  little  plasticity  and  is  so 
loose  in  texture  that  vegetation  can  with  diflSculty  gain  a  foot- 
hold. 

At  Goddard  station,  in  Sherman  township,  a  sandy  phase  of 
the  loess  is  being  removed  by  the  railroad  from  the  base  of  a 
hill  bordering  the  Indian  valley.  Up  the  hillslope  it  grades 
into  loess  which  overlies  Eansan  till.  Similar  materials  are 
found  at  intervals  southward  along  the  east  side  of  Skunk 
river.  They  are  also  conspicuous  on  the  hills  above  Reasnor, 
and  they  continue  in  importance  southward  to  the  boundary  of 
the  county.  In  section  13,  Elk  Creek  township,  low  sand  ridges 
extend  into  the  valley.  These  are  also  to  be  seen  in  section  29. 
In  section  33  all  of  the  hills  are  very  sandy.  Near  the  north 
border  of  this  section  a  small  stream  has  exposed  a  thickness  of 
twenty  feet  of  finely  stratified  and  nicely  sorted  sand .  The 
laminae  are  horizontal,  the  sand  being  white,  yellow,  brown  and 
red.  The  grains  are  rounded  and  uniform  in  size.  Covering 
the  sand,  and  separated  from  it  by  a  perceptible  dividing  line, 
are  eight  feet  of  sandy  loess.  The  sand  is  a  purely  water-laid 
deposit  and  bears  no  genetic  relationship  to  the  capping  loess. 

It  is  to  be  remarked  that  wherever  the  sands  are  exposed 
oatside  of  the  area  of  Wisconsin  drift,  they  are  covered  with  a 
layer  of  greater  or  less  thickness  of  loess-like,  silty  material. 
It  may  be  noted  further  that  the  sand  deposits  occur  in  two 
positions;  as  low  ridges  at  the  border  of  the  flood  plain,  in  which 
the  sand  is  comparatively  coarse;  and  along  the  upland  sides 
of  the  bluffs  which  immediately  bound  the  valley,  where  the 
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material  approaches  in  nature  what  might  be  termed  a  sandy 
loess.  These  bluffs  are  in  general  prominent,  and  they  are 
composed  of  loess  containing  fossils,  and  which  retains  the 
characteristically  high  angle  of  slope. 

Mr.  B.  L.  Miller*  calls  attention  to  the  occurrence  of  sand 
ridges  in  Marion  county.  One  such  ridge  mapped  by  him  in 
the  northeast  corner  of  Marion  county  is  similar  in  every  re- 
spect to  the  deposits  just  described.  The  formation  of  the 
ridges  is  attributed  by  Mr.  Miller  to  the  action  of  southwest 
winds,  *'all  of  them  being  northeast  of  the  place  where  the 
sandstone  ledges  have  been  cut  through."  The  Skunk  river  cuts 
through  the  belt  of  Red  Rock  sandstone  in  the  south-central 
part  of  Jasper  county,  but  the  relation  between  this  region  and 
the  greatest  development  of  the  sand  ridges  specified  by  Mr. 
Miller  does  not  obtain  here.  Nor  do  the  sands  themselves  sug- 
gest such  an  origin.  The  Red  Rock  sands  are  prevailingly  of  a 
deep  red  or  brown  color;  while  the  sand  hill  deposits  are  of  the 
lighter  shades,  much  of  them  white. 

There  seems  little  doubt  that  the  wide  flood  plain  has  fur- 
nished much  of  these  sands  and  silty  products  which  the 
sweeping  winds  have  caught  up  and  deposited  where  they  are 
now  found.  Evidence  points  to  northwest  winds.  The  fact 
that  there  is  universally  a  surface  layer  of  loess  is  suggestive 
as  to  the  time  of  accumulation. 

All  of  the  streams  of  any  considerable  size  flow  through 
alluvial  valleys.  Tn  the  valleys  of  the  major  streams  the 
alluvium  has  accumulated  to  great  depths.  It  is  a  stratified 
deposit  put  down  and  distributed  largely  by  the  rivers  them- 
selves. Strata  of  sand  and  occasionally  gravel  occur,  inter- 
bedded  with  the  finer  river  silt. 

At  a  few  points,  remnants  of  stream  terraces  are  found. 
They  are  generally  covered  with  alluvium  and  sometimes  by 
the  loess.  At  Valeria  there  is  a  flat  bench  of  Wisconsin  drift 
some  twenty-five  or  thirty  feet  above  the  present  Skunk  river 
flood  plain  which  is  surfaced  with  a  thin  layer  of  river  silt  and 
extends  from  the  west  county  line  to  a  point  some  three- 
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quarters  of  a  mile  below  the  town.  This  appears  to  be  a  rem- 
nant of  the  old  flood  plain  of  the  river,  and  represents  a  definite 
stage  or  halt  in  the  down  cutting  of  the  stream. 

Suggestions  of  former  terraces  are  to  be  seen  at  intervals 
along  the  North  Skunk  river.  Below  the  schoolhouse  in  the 
southeast  corner  of  section  16,  Malaka  township,  there  is  a  nar- 
row terrace  ten  to  twelve  feet  above  the  water,  and  capped 
with  loess.  Low,  alluvial  terraces  bound  Indian  creek  to  the 
west  in  sections  28  and  33  of  Clear  Creek  township.  Below 
Mingo  they  again  occur.  In  section  10  of  Clear  Creek  town- 
ship. Wolf  creek  is  skirted  on  the  west  by  a  drift  terrace.  Ihis 
is  seen  again  in  the  southwest  J  of  section  17  of  the  same  town- 
ship. 


Soils. 


The  soils  of  Jasper  county  may  be  grouped  into  three  fairly 
distinct  types,  drift  soils,  loess  soils  and  alluvium.  The  ma- 
terials of  the  glacial  deposits  are  practically  the  sole  source  of 
all  three  varieties,  but  each  represents  a  modification  of  the 
original  till. 

Soils  belonging  to  the  drift  proper  cover  but  a  small  propor- 
tion of  the  county.  Outside  of  the  Wisconsin  drift  area  they 
are  not  important.  On  some  of  the  steeper  slopes  in  the  loess- 
Kansan  area,  the  Kansan  drift  outcrops  near  the  base  of  the 
hills  and  contributes  in  some  measure  to  the  soil  forming 
elements.  This  is  evident  in  some  places  by  the  oxidized  color 
and  bowldery  nature  of  the  soil,  and  in  others  by  the  wet  or 
spring  line  at  the  contact  with  the  overlying  loess.  While  it  is 
rare  that  any  effect  on  the  vegetation  or  crops  can  be  seen, 
nevertheless,  cases  are  not  lacking  where  quite  distinct  zones 
can  be  distinguished  from  the  hilltop  down  the  slope.  These 
plant  zones  are  determined  by  the  zones  of  loess,  Kansan  drift, 
and  wash  or  loam  soils;  the  more  luxuriant  growths  being  on 
the  lower  portion  of  the  slopes.  The  contained  gravel  and 
bowlders  are  not  favorable  to  tillage. 

The  Wisconsin  drift  is  covered  with  a  soil,  whose  unoxidized 
character  and  moderate  depth  attest  its  newness.    It  is  usually 
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of  a  yellowish-brown  color  where  undiscurbed,  and  it  is  not  yet 
leached  of  its  lime,  which  is  present  even  close  to  the  surface. 
Its  color  is  in  contrast  to  the  deep  red  of  the  old  Kansan  soils. 
Drainage  is  not  perfect  so  that  as  yet  the  productiveness  of  this 
new  drift  soil  does  not  rival  that  of  the  loess  and  alluvium. 
Artificial  drainage  would  improve  it  and  permit  the  weather- 
ing agents  to  act  more  effectively. 

The  loess  soils  occupy  much  the  larger  portion  of  the  area  of 
the  county.  They  form  a  porous,  open-textured  stratum 
through  which  water  readily  percolates.  The  loess  is,  however, 
prevailingly  calcareous,  and  does  not  exhibit  an  advanced  state 
of  oxidation.  Its  loose  texture  causes  it  to  erode  rapidly  on 
steep  slopes  where  it  is  exposed  without  a  covering  of  vegetation. 
The  loess  is  typically  of  fine  grain,  but  as  has  been  pointed  out,- 
becomes  decidedly  arenaceous,  and  even  grades  into  fine  sand 
in  certain  localities  in  Jasper  county.  Chemically  it  is  not 
widely  different  from  ordinary  clay,  the  presence  of  the  alkalies 
and  alkaline  earths  showing  it  to  be  made  up  o.f  a  variety  of 
'  mineral  substances.  These  minerals,  in  weathering,  furnish  a 
variety  of  elements  for  plant  growth.  The  loess  soils  are  of 
reputed  fertility,  and,  especially  where  slopes  are  moderate, 
produce  abundant  crops  of  the  leading  cereals. 

Many  of  the  streams  of  the  county  are  bordered  by  belts  of 
alluvium.  This  material  affords  a  very  fertile  soil,  being  made 
up  of  the  loose  fragments  of  soil,  clay  and  humus  that  have  been 
carried  into,  and  distributed  by  the  streams,  over  their  flood 
plains.  It  is  of  a  prevailingly  dark  color  and  is  commonly 
underlain  by  strata  of  sand  which  afford  it  good  drainage.  The 
alluvial  soils  are  eminently  rich.  On  account  of  their  posi- 
tion, spring  cultivation  is  sometimes  retarded  somewhat,  and 
such  areas  are  subject  to  occasional  inundation.  These  draw- 
backs are  not  usually  serious,  for  the  soil  is  warm,  and  in  the 
river  valleys  some  of  the  best  crops  in  the  region  are  grown. 

The  soil  materials  as  they  are  loosened  and  weathered  tend- 
to  accumulate  on  ^the  lower  slopes  of  the  hills  and,  if  at  the 
border  of  a  flood  plain,  to  spread  out  in  the  shape  of  the  allu- 
vial fan.  Such  deposits  show  little,  if  any,  stratification  and,  as 
they  occur  along  all  depressions  and  small  streams,  they  con- 
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stitute  an  intermediate  type  of  soil  between  the  upland  and 
the  alluvium.  To  them  the  term  loam  has  been  applied.  They 
are  similar  in  composition  and  texture  to  the  alluvium  but  are 
not  so  far  removed  from  their  original  source.  The  loams 
constitute  a  very  productive  soil. 

ECONOMIC  PBODUCTS. 

Coal.    . 

The  coal  deposits  of  Jasper  county  have  been  exploited  since 
the  early  50'8  When  the  Slaughter  bank  was  opened  in  section 
32  of  Sherman  township.  Coal  was  also  mined  along  Cherry 
creek  in  Newton  township  at  an  early  date.  Whitney*  stated 
in  1858  that  considerable  coal  had  been  mined  at  both  of  these 
localities.  Owen,^  in  1851,  mentioned  the  use  of  coal  for  black- 
smith purposes  from  a  "three-foot  seam  in  Jasper  county,  near 
the  Skunk  river.'^ 

The  first  Biennial  Report  of  the  Iowa  State  Mine  inspector ,t 
in  1883,  contains  the  following  estimate: 

*'A  majority  of  the  superficial  area  of  this  county  is  barren 
of  coal;  the  most  of  the  coal  lies  in  the  southwest  portion  of 
the  county,  on  North  Skunk  river  and  its  tributaries,  and  the 
tributaries  of  the  Des  Moines  river,  but  not  more  than  the 
superficial  area  of  one  township  is  underlaid  with  coal  of 
workable  thickness." 

Later  exploitation  has  proved  the  extreme  conservatism  of 
these  statements. 

The  number  of  producers  did  not  increase  rapidly  until  in 
the  'vSO's,  when,  in  1885,  there  were  twenty  mines  in  operation. 
There  are  at  present  sixteen  mines  in  the  county  which  operate 
a  portion  or  all  of  the  year.  The  largest  production  for  one 
year,  for  which  statistics  are  to  be  had,  is  293,255  tons,  produced 
in  1892.  From  this  the  tonnagtj  decreased  to  scarcely  more 
than  100,000  in  1900,  but  the  output  is  again  increasing,  so  that 
1904  has  a  reported  production  of  nearly  275,000  tons. 


*Rep.  Ueol.  Surv. ,  State  of  Iowa,  Vol.  I»  pt.  1,  p.  2W,  etseq.     I85S. 
fFirNt  Blfnnial  Reporc  State  Mine  luHpecter,  p.  ia,  18&1 
TQeol.  Sarv.  Wldconslo,  Iowa  and  Minnesota,    p.  117.     1851. 
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The  various  sections  of  the  county  where  productive  coal 
beds  have  been  worked  will  be  designated  by  the  nearest  towns, 
and  the  occurrence  of  the  coal  and  the  mines  in  each  district 
will  be  briefly  described. 

Lynnville  district. — On  the  east  side  of  north  Skunk  river,  two 
miles  north  of  Lynnville,  coal  has  been  taken  out  but  no  active 
mining  work  has  been  carried  on  for  several  years.  There  are 
three  veins,  an  upper,  two  to  four  feet  in  thickness,  a  second, 
twenty-two  inches,  and  a  lower  vein  about  sixty-tivefeet  below 
the  top  one,  eighteen  inches  in  thickness.  The  top  seam  only 
has  been  worked.  One  shaft  was  sunk,  but  the  coal  was  re- 
moved mostly  through  drifts.  The  coal  is  covered  with  fifteen 
to  twenty  feet  of  glacial  clay  and  light  blue  shale,  the  latter 
affording  a  fairly  good  roof.  The  workable  seam  is  about 
twenty-five  feet  above  the  river  flood  plain.  Coal  has  been 
taken  from  it  at  a  number  of  points  southward  along  its  out- 
crop. The  coal  mined  here  is  said  to  have  been  of  good  quality, 
being  especially  low  in  sulphur. 

On  the  west  side  of  the  North  Skunk  river,  near  the  middle 
of  section  3,  Lynn  Grove  township,  a  coal  seam  outcrops  in  the 
bed  of  a  small  creek  from  the  southwest.  Prospecting  has  been 
done  along  this  stream.  There  appears  to  be  two  veins,  one 
near  the  water  level,  and  the  second  seventeen  feet  higher  up. 
As  far  as  could  be  learned  no  coal  has  been  mined  here. 

Along  Rafferty  creek,  in  sections  33  and  34,  Richland  town- 
ship, coal  mining  began  at  the  Meredith  bank  in  1860.  This 
bank  has  not  been  operated  for  eighteen  years.  Two  seams  are 
reported,  an  upper,  two  feet  and  four  inches  in  thickness  at 
about  the  water  level;  and  a  lower,  thicker  vein  that  has  not 
been  exploited.  Borings  for  wells  close  to  the  North  Skunk  river 
encounter  the  coal  just  beneath  the  drift,  but  back  from  the 
flood  plain  to  the  west,  shales  are  interposed  over  the  coal. 

Coal  has  been  mined  in  this  district  only  along  the  streams 
where  the  outcropping  beds  have  been  easy  of  access.  It  is 
scarcely  probable  that  workable  coal  would  be  found  east  of 
the  old  mines  first  described.  The  general  dip  being  to  the 
west,  the  southwest  portion  of  Richland  and  the   northwest 
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part  of  Lynn  Grove  townships  appear  to  be  more  promising 
areas  for  prospecting. 

Monroe  district — It  is  impossible  with  the  few  deep  borings 
and  meager  records  available  to  ascertain  the  extent  of  the 
coal  basins  in  this  district.  In  limited  areas  where  correlation 
is  possible  the  veins  are  found  to  be  irregular,  so  that  no 
attempt  is  made  to  check  from  one  district  to  another. 

In  Fairview  township  a  group  of  mines  is  located  three  or 
four  miles  east  of  Monroe.  When  first  opened,  a  flourishing 
camp  by  the  name  of  Draper  sprang  up,  and  in  1887  there  were 
seven  mines  operating  intermittently  in  this  vicinity.  The 
Jasper^  County  Coal  and  Mining  Company  operated  extensively 
here  from  1887  to  early  in  the  '90's.  Since  that  time  there  have 
been  on  an  average  three  mines  in  operation  supplying  a  small 
local  demand. 

There  are  two  coal  seams,  an  upper,  running  three  and  one- 
half  to  four  feet  in  thickness,  and  a  lower  vein  usually  four 
feet  or  more  in  thickness.  The  early  mines  worked  the  thicker 
bed,  but  at  present  njining  is  done  only  in  the  top  seam.  The 
two  beds  are  separated  by  from  thirteen  to  thirty-five  feet  of 
shale  and  sandstone. 

The  Marshall  slope  is  located  near  the  center  of  section  33 
and  has  be^n  operated  for  twenty-five  years.  The  upper  seam, 
averaging  three  and  one-half  feet  in  thickness,  is  mined.  It 
here  has  a  dip  to  the  north  of  one  foot  in  twelve.  Eighteen 
feet  below  is  the  second  vein  of  four  feet.  It  is  a  "shooting" 
coal  and  is  not  mined.  Mining  is  done  by  the  Longwall  system 
and  the  coal  is  hauled  to  the  entrance  in  cars,  by  mules.  On 
an  average  eight  men  are  employed  eight  months  in  the  year. 
Some  coal  is  shipped  from  Franklin. 

One-fourth  of  a  mile  east  of  the  Marshall  bank  is  the  Shaw 
slope  now  owned  by  Sharf  Brothers  of  Monroe,  but  operated  by 
Gilbert  Shaw.  Mining  was  begun  twenty  years  ago,  and  the 
lower  vein  was  formerly  worked.  The  upper  seam  is  four  feet 
with  a  clay  parting  of  four  inches  near  the  middle.  It  has  a 
low  dip  to  the  northeast  but  not  sufficient  for  the  drainage  of 
the  mine.    Seventeen  acres  are  worked  out  with  but  one  acre 
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left  within  the  property  limits.    The  method  of  mining  is  sim- 
ilar to  the  Marshall,  all  the  coal  being  sold  locally. 

The  Edwards  slope  is  a  short  distance  north  of  the  Shaw 
mine,  but  has  not  been  operated  for  some  time. 

In  the  southwest  J  of  section  26,  is  the  Barnes  slope.  The 
seam  is  three  feet  three  inches,  increasing  to  four  feet  in  thick- 
ness on  the  rise.  It  outcrops  at  various  points  along  a  small 
stream  running  through  the  center  of  the  section.  The  other 
vein  here  lies  thirteen  feet  lower  down.  The  coal  is  divided  by 
a  thin  clay-sulphur  band  which  is  quite  persistent.  The  bank 
was  opened  twenty  years  ago.  The  Longwall  method  is 
used  in  mining,  and  operations  are  limited  to  four  months 
in  the  year.  The  coal  is  known  to  underlie  160  acres. 
The  cap  rock  to  the  coal  seam  is  a  firm  band  of  arena- 
ceous limestone,  one  and  one-half  to  two  feet  in  thickness, 
which  affords  a  good  roof.  This  is  also  a  common  feature  at 
other  mines  in  the  district,  although  not  a  constant  one. 

Near  the  middle  of  the  north  side  of  section  26,  J.  M.  Mc- 
Conoghey  has  recently  opened  a  mine  not  far  from  the  site  of 
the  old  William  Marshall  mine.  The  mine  is  a  slope  into  a 
four-foot  vein.  Sandy  limestone  overlies  the  coal.  Rolls  and 
partings  are  common.  The  seam  dips  to  the  southwest.  A  well 
defined,  nearly  vertical,  fault  running  northwest-southeast,  dis- 
places the  beds  with  a  slip  of  two  feet.  Four  or  five  men  are 
employed  eight  months  of  the  year.  Car  and  man  haulage  i^ 
used  and  the  output  is  disposed  of  locally.  A  lower  seam, 
penetrated  in  a  well  at  a  depth  of  forty-five  feet,  is  reported  to 
be  eight  feet  in  thickness. 

In  the  southwest  part  of  section  36,  the  coal  occurs  in  the 
hills  bordering  the  Skunk  river  flood  plain,  and  a  small  amount 
of  mining  has  been  done  here. 

There  appears  to  be  a  considerable  area  in  this  part  of  the 
county  that  is  underlain  with  coal.  Some  opposition  to  pros- 
pecting is  met  among  property  owners  but  when  it  is  realized 
that  the  presence  of  a  workable  coal  bed  enhances  greatly  the 
value  of  farming  land,  such  objection  will  soon  be  removed. 
Prospecting  is  now  being  done  in  section  27  by  ShafE  Brothers 
of  Monroe. 
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West  of  Monroe,  along  Calhoun  creek,  in  section  32  of  Des 
Moines  township,  old  drifts  are  seen  in  the  hillsides,  and  a 
thickness  of  twenty  to  thirty  feet  of  shales  and  interbedded 
sandstones  may  be  seen  outcropping  in  the  road  cuts.  The 
drifts  are  known  as  the  old  Pattison  mtnes,  and  no  coal  has 
been  taken  out  for  twenty  years.  The  seam  ran  about  four  feet 
in  thickness  but  water  and  poor  roof  caused  its  abandonment. 

Newton  district. — The  working  mines  in  this  district  are  south 
of  the  city  of  Newton,  the  largest  producers  being  located  near 
the  Monroe  branch  of  the  Chicago,  Rock  Island  &  Pacific  rail- 
road. A  great  deal  of  coal  has  been  mined  in  this  neighbor- 
hood during  the  past  twenty  years,  and  abandoned  drifts, 
slopes  and  shafts  are  common  features  in  the  north-central  part 
of  Palo  Alto  township.  These  are  also  to  be  seen  at  points 
(indicated  on  the  map)  along  the  main  line  of  the  Rock  Island 
railway  in  this  township.  There  are  at  present  four  working 
mines  in  this  district. 

Snooks  Brothers'  mine  is  located  near  the  center  of  section  9. 
The  shaft  is  fifty-four  feet  deep,  and  the  coal  seam  is  three  feet 
ten  inches  to  four  and  one-half  feet  in  thickness.  Pinches  and 
swells  in  the  seam  are  common.  The  roof  is  "slate,"  and  con- 
siderable timbering  is  required.  The  coal  is  mined  by  the  room 
and  pillar  plan.  It  is  hoisted  by  a  gin  operated  by  one  horse. 
The  shaft  is  in  two  compartments  and  two  screens  are  provided 
for  sizing.  All  the  coal  is  disposed  of  locally.  The  mine  is 
equipped  with  a  small  boiler  for  pumping  when  necessary. 
The  mine  is  operated  during  but  few  months  in  the  year.  Sev- 
enty feet  below  this  seam,  six  feet  of  coal  are  reported. 

In  the  southwest  J  of  section  9,  Carson  Brothers  opened  a 
new  mine  in  1904.  The  shaft  is  seventy-five  feet  in  depth, 
through  blue  clay  and  shale.  The  seam  is  four  and  one-half  to 
five  feet  in  thickness,  and  is  underlain  by  fire  clay,  occasionally 
replaced  by  soapstone.  The  slate  affords  a  good  roof.  The 
coal  bed  varies  on  account  of  rolls  but  in  general  has  a  low  slope 
to  the  west.  The  gin  hoist  is  used.  An  hour's  pumping  each 
day  is  necessary  to  keep  the  mine  clear  of  water.  Little  coal 
has  been  taken  from  this  shaft,  it  being  operated  only  during 
the  winter  months.  Twenty-five  feet  below  this  mine  is  a  coal 
bed  two  and  one-half  feet  in  thickness. 
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Mr.  A.  Lister  formerly  operated  a  mine  near  the  northwest 
corner  of  section  8,  Palo  Alto  township,  where  about  twenty 
acres  were  mined  out  in  a  vein  three  to  four  feet  thick.  The 
mine  now  worked  is  located  near  the  southwest  corner  of  sec- 
tion 3.  The  shaft  is  fifty  feet  deep  and  two  veins  are  penetrated. 
The  upper  is  but  two  inches  in  thickness  while  the  one  mined 
runs  two  and  one-half  to  four  feet.  The  two  are  separated  by 
twelve  feet  of  shales  and  fire  clay.  The  seams  run  fairly  level, 
but  wedge  out  entirely  100  yards  north  of  the  shaft.  The  roof 
is  jointed  and  north-south  faults  with  displacements  of  one  foot 
or  so  are  frequently  encountered.  The  coal  is  raised  with  a 
one-horse  gin  hoist.  A  local  trade  is  supplied.  Tt  is  necessary 
to  pump  three  or  four  hours  each  day  to  keep  the  workings  free 
from  water.  A  10-horsepower  engine  is  employed,  water 
being  drawn  by  a  four-inch  belt  to  which  are  attached  wooden 
blocks  that  fit  closely  and  move  vertically  in  a  tight  box.  Ten 
to  twelve  men  areeriaployed  during  the  winter  months. 

French  Brothers  have  recently  opened  a  mine  in  the  south- 
east J  of  section  15.  In  prospecting,  a  four  and  one-half  foot 
vein  was  found  in  four  holes,  within  a  radius  of  100  yards.  The 
drift  and  loess  are  fifty-five  feet.  In  addition  there  occurred 
thirty  feet  of  soapstone  or  slate  overlying  the  coal. 

Coal  has  been  mined  in  two  or  three  drifts  in  section  7,  Buena 
Vista  township,  on  the  land  of  A.  C.  Davis.  The  seam  is  said 
to  be  eighteen  inches  to  two  feet  in  thickness,  and  water 
causes  much  diflBculty  in  mining. 

Early  coal  mining  on  Cherry  creek  in  section  32,  Newton 
township,  has  been  mentioned.  Several  old  dumps  are  to  be 
seen  in  this  area,  and  although  some  prospecting  has  lately 
been  done,  no  coal  has  been  mined  for  thirty  years.  Two  veins 
are  present,  separated  by  shale.  One  seam,  one  and  one-half  to 
two  feet  in  thickness,  twenty  feet  above  the  water,  and  the 
other  a  one-foot  seam  at  about  water  level.  The  upper  seam 
lies  very  close  to  the  glacial  drift  covering,  from  which  it  is 
often  separated  by  but  a  few  inches  of  '*  slate  "  roof.  Deeper 
drilling  encountered  no  other  seams. 

From  the  data  obtained  at  these  different  mines,  it  appears 
that  the  coal  underlies  a  considerable  area  in  northern  Palo  Alto 
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township,  extending  into  Buena  Vista  to  the  east,  and  Newton 
to  the  northwest.  Where  exploited  west  of  the  town  of  Newton, 
and  near  Murphy,  the  seams  are  thinner  and  lie  higher  in  actual 
elevation  above  sea  level.  This  is  in  harmony  with  the  strike 
of  the  coal-bearing  measures.  It  suggests  that  the  chances  are 
not  favorable  for  coal  to  the  northeast  beyond  this  general  line 
of  outcrop;  although  it  may  be  found  in  isolated  outliers  of 
limited  extent.  Coal  has  been  found  both  north  and  south  of 
Kellogg,  which  may  thus  be  attributed  to  detached  areas  of 
Coal  Measure  strata.  A  prospect  hole  one-half  mile  south  of 
Kellogg  penetrated  six  inches  of  coal  at  a  depth  of  129  feet.*  It 
is  reported  that  a  shaft  put  down  by  a  corporation  organized 
in  Kellogg,  one  mile  northeast  of  the  town,  reached  a  four-foot 
vein  of  coal.  Satisfactory  corroboration  of  the  details  of  this 
statement  was  not  obtained.  If  coal  ei^ists  here  it  is  probable 
that  it  underlies  only  limited  areas. 

Beds  of  coal  which  can  not  with  any  degree  of  certainty  be 
correlated  with  those  of  the  Newton  district,  less  than  three 
miles  to  the  east,  have  been  mined  in  a  small  way  northwest  of 
the  town  of  Metz,  in  sections  2  and  3  of  Mound  Prairie  town- 
ship. Two  seams  have  been  worked,  both  of  which  give  natural 
exposures.  The  upper  is  fourteen  inches  to  three  feet  thick, 
and  lies  almost  immediately  beneath  the  drift  and  about 
thirty-nine  feet  above  the  water  in  Skunk  river.  The  lower 
vein  runs  eighteen  inches  to  four  feet  in  thickness  and  is  at 
about  water  level.  It  is  mined  intermittently  by  Mr.  A.  H. 
Allfree.  The  coal  thins  out  to  the  south,  east  and  north,  and 
is  variable  in  depth.  It  is  usually  protected  by  a  sandstone 
roof,  large  masses  of  calcareous  ironstone,  sometimes  septarian 
in  structure,  frequently  intervene,  which  cause  the  coal  in 
places  to  pinch  to  a  few  inches.  In  the  edge  of  the  Skunk 
river  flood  plain  a  twenty- two  inch  vein  was  found  at  a  depth 
of  twenty-five  feet  below  the  level  of  the  water. 

Southwest  of  Metz,  in  the  southeast  \  of  section  15,  Mound 
Prairie  township,  a  new  mine  was  opened  in  1903  by  Good 
Bros,  and  Collins.  It  is  known  as  the  Fowles  mine.  The  shaft 
is  fifty-seven  feet  to  the  bottom  of  the  coal,  which  runs  four  to 


^Seoond  blenniml  report  of  Iowa  State  Mine  Inspector,  p.  U3.     1885. 
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four  and  one-half  feet.  The  Coal  Measures  lie  beneath  twenty- 
five  feet  of  loess  and  Kansan  drift.  The  roof  is  "slate"  but  gives 
no  trouble.  The  coal  is  hoisted  with  a  gin,  one  horse  lifting 
about  1,600  pounds  from  this  depth.  One  entry  has  been  driven 
sixty  feet  north  from  the  shaft.  Three  men  work  during  the 
winter  months  only.  The  coal  is  of  a  good  donaestic  grade  and 
does  not  clinker. 

Prairie  Citif  district. — Coal  has  been  mined  in  the  past  from 
country  banks  at  several  points  over  the  southwest  portion  of 
the  county.  Those  on  Calhoun  creek  have  already  been  men- 
tioned. Near  Walnut  creek,  in  the  northeast  \  of  section  34, 
Des  Moines  township,  coal  has  been  mined  by  a  slope  in  a 
thirty-inch  seam.  Trouble  with  water  and  a  poor  roof  caused 
its  abandonment. 

In  the  north  \  of  section  22,  on  Walnut  creek,  are  the  Wil- 
liam White  and  the  C.  M.  Norris  drifts.  The  White  mine  is  to 
the  west  of  the  stream.  The  seam  lies  twenty-eight  feet  above 
the  creek  and  averages  four  feet  in  thickness.  It  has  a  low  dip 
to  the  southeast.  Two  feet  of  jointed  slate  overlie  the  coal, 
and  are  covered  in  turn  by  eighteen  inches  of  limestone  "cap 
rock."  About  two  acres  have  been  mined  out.  Four  to  six 
men  are  employed  during  five  months  of  the  year. 

The  Norris  mine  is  located  to  the  east  of  Walnut  creek,  and 
coal  has  been  mined  here  continuously  for  twenty-two  years. 
Thirty  acres  are  mined  out.  The  occurrence  of  the  coal  is  in 
all  respects  similar  to  the  White  vein.  A  two-inch  "sulphur 
band"  in  the  coal  is  a  constant  feature  in  this  mine.  It  is 
necessary  to  pump  three  hours  each  day  to  remove  the  water 
that  has  accumulated  during  the  previous  night.  Seven  men 
are  employed  six  months  in  the  year.  The  quality  of  the  coal 
from  these  mines  is  said  to  be  most  excellent,  and  it  is  espe- 
cially good  for  steam  purposes.  The  output  is  disposed  of 
locally. 

In  Vandalia  the  Cavitt  and  Pulver  mines  have  operated  up  to 
two  and  three  years  ago,  respectively.  There  are  two  seams, 
one,  two  and  one-half  to  three  feet  in  thickness,  and  twenty- 
five  feet  lower,  a  four-foot  seam.  The  former  has  a  shaft  sixty- 
five  feet  deep,  and  the  latter  is  a  slope  to  the  top  vein.  In  a  well 


COAL.  343 

drilling  in  Vandalia,  eighteen  inches  of  coal  were  penetrated 
at  a  depth  of  thirty  feet  below  this  second  vein.  In  the  north- 
east corner  of  section  30,  a  small  amount  of  coal  has  been 
taken  from  a  drift  in  the  hillside  on  the  farm  of  A.  Lufkin. 
The  seam  is  twenty-two  inches  in  thickness.  Wells  in  the 
neighborhood  of  Vandalia  seldom  fail  to  find  coal  at  moderate 
depths. 

One-half  mile  east  of  Prairie  City,  at  the  north  edge  of  sec- 
tion 1,  a  drill  hole  185  feet  deep,  penetrated  three  and  one-half 
feet  of  coal  at  the  bottom.  Mining  was  not  undertaken  on 
account  of  water. 

Colfax  district. — Colfax  is  the  center  of  the  most  active  and 
extensive  mining  operations  in  the  county. 

The  first  coal  mining  in  the  county  was  done  at  the  Slaughter 
bank,  one  and  one-half  miles  east  of  Colfax,  in  the  southwest 
^  of  section  32,  Sherman  township.  The  base  of  the  seam 
is  at  about  water  level  in  the  Skunk  river,  along  which 
stream  it  crops  out  at  various  points  in  this  vicinity.  About 
thirty  acres  have  been  mined,  the  coal  having  been  taken  out 
through  a  number  of  drifts.  The  seam  is  six  feet  thick  and 
dips  to  the  south,  two  inches  to  the  yard.  The  roof  is  slate  and 
is  fairly  stable.  Five  years  ago  a  shaft  sixty-five  feet  in  depth 
was  sunk,  back  some  distance  from  the  outcrop.  The  mine 
was  not  operated  in  1904.  The  present  owners  are  Hanson  and 
Harrington,  who  will  open  it  this  year.  The  Slaughter  coal 
has  long  bad  the  reputation  of  being  the  best  in  Iowa. 

Prospecting  for  the  coal  in  section  5,  Mound  Prairie  township, 
between  the  present  mine  and  the  railroad,  failed  in  some  cases 
to  find  it.  In  others,  the  drift  rested  directly  on  the  coal.  It 
has  here  been  removed  by  erosion,  which  has  detached  a  small 
area  of  tbe  Coal  Measure  strata  from  the  continuation  of  the 
same  to  the  southwest.  A  drilling  sixty-five  feet  below  the  coal 
revealed  no  other  veins. 

Coal  has  been  extensively  mined  along  the  north  border  of 
the  Skunk  river  valley  from  a  point,  essentially  due  north  of 
Colfax,  to  Valeria.  The  Jasper  County  Coal  and  Mining  Com- 
pany mined  out  about  five  hundred  acres  in  sections  34  and  35 
of  Poweshiek  township.     Shafts  Nos.  2,  3  and  4  (mine  No.  1 
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was  a  slope),  ranging  in  depth  from  forty-five  to  one  hundred 
feet  were  sunk.  The  coal  within  lease  limits  was  practically 
exhausted.  The  seam  is  about  twenty-five  feet  below  the  level 
of  the  river  and  ranges  from  three  to  six  and  one-half  feet  in 
thickness,  thinning  to  the  north  and  finally  running  out.  The 
roof  was  slate  but  this  occasionally  failed,  being  replaced  by 
the  overlying  drift,  which  made  mining  very  diflBcult. 

In  the  vicinity  of  Oswalt  several  companies  have  carried  on 
mining  operations  in  this  same  bed  since  1880,  when  mining 
was  begun  in  the  old  Pittsburg  shaft  by  Mr.  V.  E.  Oswalt.  The 
Valeria  Coal  and  Mining  Company  and  its  successor,  the 
Diagonal  Coal  Company,  were  the  largest  opefrators.  Their 
mines  have  been  abandoned  for  years.  Insurmountable 
diJBSculties  were  met  in  the  poor  roof  and  the  large  amounts  of 
water.  Many  acres  of  coal  were  mined  out,  but  much  was 
left  in  the  workings  on  account  of  the  improper  methods  of 
mining  employed. 

There  are  at  present  but  two  working  mines  in  the  Oswalt 
district.  Warrick  Brothers'  mine  is  located  in  the  southwest  J 
of  section  34,  on  the  Colfax  Northern  railroad.  The  shaft  is 
seventy  feet  deep  to  the  base  of  the  coal,  which  is  five  feet  ten 
inches  thick.  The  coal  is  overlain  by  slate  which,  on  account 
of  its  jointing,  is  a  dangerous  roof.  Rolls  occur  in  which  the 
coal  thins  down  to  three  feet.  From  the  foot  of  the  shaft  the 
seam  dips  to  the  north  for  300  feet,  then  rises  rapidly  till  it 
meets  the  overlying  sand,  beyond  which  it  can  not  be  worked. 
A  dip  to  the  southeast  from  the  shaft  is  also  noted.  Almost 
constant  pumping  is  required  to  keep  the  mine  free  from  water. 
The  mine  is  equipped  with  a  gin  hoist.  The  coal  is  transferred 
to  cars  by  teams,  and  an  average  of  four  cars  per  year  is 
shipped.  The  mine  is  in  operation  the  year  around,  employing 
on  an  average  six  men. 

The  Clover  Hill  mine,  owned  by  Martin  Mindham,  is  located 
one-half  mile  southeast  of  the  last.  The  shaft  was  sunk  in 
1901,  and  about  one  acre  of  coal  is  mined  out.  The  top  of  the 
shaft  is  thirty  feet  above  the  water  ia  Skunk  river.  The  shaft 
is  fifty  feet  to  the  coal.    The  strata  penetrated  are: 
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FIET. 

5.  Soil  ftnd  yellow  clay 20 

4.  Blue  bowlder  clay 4i 

3.  Coal li 

2.  Soft  slate 25 

I.  Coal 4 

The  vein  dips  to  the  north  for  a  distance  and  then  rises.  The 
roof  is  poor  and  water  is  troublesome.  The  shaft  is  a  two  com- 
partment "quarter  shaft,"  to  provide  for  ventilation.  The  gin 
hoist  is  used.  One  to  two  cars  per  week  are  shipped,  and  an 
equal  amount  is  disposed  of  locally  during  the  six  months  of 
operation.  The  Burris  and  Davis  mine  is  located  on  the  Pritch- 
ard  farm,  in  the  northeast  J  of  the  southwest  J  of  Washington 
township.  A  shaft  just  being  put  down  at  this  point  pene- 
trates the  following  strata: 

rXBT.      INCHIB. 

13.     Yellow  clay,  a  little  gravel 18 

12.     Blue  shale 25 

II.  Soft,  bituminous  shale 2 

10.  Coal 9 

9.  Fireclay... 4 

8.  Slate,  hard,  black 30      3 

7.  Coal 6 

6.  Fire  clay,  light  gray,  arenaceous 4 

5.  Slate 16 

4.  Sand  rock.... 4 

3.  Shale,  carbonaceous,  pyritiferous 25      6 

2.  Coal 4 

1.  Fireclay 

Several  prospect  holes  have  been  drilled  which  indicate  the 
presence  of  the  coal  under  a  considerable  area.  The  shaft  is 
eighty  feet  above  the  level  of  Skunk  river.  The  coal  seam  thus 
lies  about  fifty-five  feet  below  the  water  in  this  stream.  Be- 
neath this  vein  no  coal  was  found  within  thirty  feet.  The  shaft 
will  be  a  two-cage,  quarter  shaft.  It  appears  probable  that  this 
vein  is  the  southwestward  continuation  of  the  one  mined  at 
Oswalt,  on  the  opposite  side  of  the  Skunk  river  valley,  and  the 
same  as  formerly  mined  at  the  old  Cooke  shaft,  a  short  distance 
east  of  Mitchellville  in  Jasper  county. 

There  are  three  producing  mines  in  the  vicinity  of  Severs 
P.  0.,  three  and  one-half  miles  southeast  of  Colfax.  Two  are 
operated  by  the  Colfax  Consolidated  Coal  Company  and  are  * 
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reached  by  the  Colfax  Northern  railroad,  and  one  by  Hanson 
and  Harrington,  near  the  northeastcorner  of  section  20,  Mound 
Prairie  township. 

The  last  named  is  known  as  the  "Klondike"  mine.  The  shaft 
is  seventy- two  feet  to  the  bottom  of  the  coal.  The  seam  is 
four  feet  eight  inches  thick.  The  mine  was  opened  seven  years 
ago  and  about  three  acres  of  coal  are  mined  out.  The  bed  dips 
to  the  southwest,  on  an  average  of  one  inch  to  the  yard,  although 
it  is  somewhat  undulatory.  As  a  rule,  the  coal  thickens  down 
the  dips  and  thins  on  the  rises.  The  shaft  section  is  given  on 
page  314. 

The  shaft  is  a  two-compartment,  quarter  shaft,  but  a  sepa- 
rate shaft  is  now  sinking  to  serve  as  an  air  and  man  way.  The 
coal  is  mined  on  the  room  and  pillar  plan.  Shooting  from  the 
solid  is  the  practice.  The  coal  is  cleaned  in  the  mine  and  the 
slack  is  sent  out  separately  and  sold  for  steam  purposes  Each 
room  is  numbered  and  the  miners  are  paid  for  the  lump  coal 
by  the  ton  as  it  is  sold  over  the  local  scales.  One  man  aver- 
ages four  tons  of  coal  per  day.  The  coal  is  hard  and  is  a  good 
domestic  fuel.  Six  men  are  employed  during  six  winter 
months. 

Hoisting  is  done  with  a  20-horsepower,  Tarrant  Marine  En- 
gine Works  engine.  Three  hours  pumping  is  necessary  to 
remove  fifteen  hours'  accumulating  water.  The  pump  used  is 
a  No.  2  Cameron,  throwing  thirty-five  gallons  per  minute. 

As  stated  earlier,  the  Jasper  County  Coal  and  Mining  Company 
formerly  operated  mines  in  the  vicinity  of  Oswalt.  Shaft  No.  5  of 
this  company  was  located  at  Anderson  in  section  14,  Washington 
township.  Fifty  to  sixty  acres  were  mined  out  and  the  shaft 
was  abandoned  in  1900.  Shaft  No.  6  in  section  Vi  was  com- 
pleted this  same  year.  In  1901  a  .consolidation  of  the  Jasper 
County  Coal  and  Mining  Company  and  the  Colfax  Coal  and 
Mining  Company  was  effected,  the  latter  having  already  its 
shaft  No.  1  in  section  17,  Mound  Prairie  township.  This  last 
mine  then  became  shaft  No.  7  of  the  Colfax  Consolidated  Coal 
Company  as  the  united  company  is  called. 

No.  6  is  150  feet,  and  the  coal  is  three  and  one-half  to  six  and 
one-half  feet  in  thickness.    The  seam  is  undulatory  but  has  no 
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pronounced  dip  in  any  direction.  The  roof  is  "slate"  and  is 
fairly  stable  except  where  streaked  with  thin  bands  of  lime- 
stone. The  latter,  which  are  only  one-half  to  one  inch  thick, 
render  the  roof  unreliable  in  places.  The  coal  is  mined  room 
and  pillar  plan,  double  entry,  with  mule  and  wire-rope  haulage. 
Pumping  is  done  two  to  three  hours  each  day  to  keep  the  work- 
ings free  from  water.  Hoisting  is  done  by  an  80-horsepower 
engine,  and  the  coal  is  run  over  a  one  and  three-eighths  inch 
screen.  At  the  lower  end  of  the  screen  is  a  picking  table  where 
bony  coal  is  sorted  out,  the  latter  being  charged  against  the 
miner  sending  it  up.  Ventilation  is  accomplished  by  means  of 
a  fan  in  a  separate  air  shaft.  Eighty  acres  have  been  mined 
from  this  shaft.  An  average  of  150  men  are  employed  through- 
out the  year. 

Shaft  No.  7  is  on  lower  ground  but  works  the  same  seam  and 
is  but  fifty-five  feet  deep.  The  coal  is  said  to  run  three  and  one- 
half  to  seven  feet,  and  is  similar  in  all  respects  to  that  of  No, 
6.  The  equipment  and  methods  of  mining  at  this  plant  are 
similar  to  that  at  No.  6.  Water  gives  some  trouble  where  the 
roof  breaks.     One  hundred  and  twenty  acres  have  been  mined. 

Two  shifts  are  worked  in  these  mines— one  going  in  at  7:30 
A.M.  and  working  till  11:30;  and  again  at  12,  staying  in  until  4 
P.M.  Shot  firers  go  in  at  4  o'clock  and  complete  their  work  at 
6,  when  the  night  shift  goes  in  and  works  eight  hours. 

The  output  of  these  mines  is  all  shipped;  a  spur  of  the  Col- 
fax Northern  railroad  connects  the  mines  with  the  main  line 
of  the  Rock  Island  at  Colfax,  and  the  Great  Western  at  Valeria. 
The  coal  is  of  fair  quality.  The  following  is  an  analysis  of  a 
sample  of  the  coal  from  mine  No.  6.  The  calorific  power  of 
the  coal  is  also  given.  For  the  purpose  of  comparison  the  same 
data  are  included  for  four  other  well  known  Iowa  coals: 


COMPAHT  AHD  LOOALITT. 

MOIBT- 
CBBAT 
UOo  C. 

YOLATir.V 
OOMBUB- 
TIBLBS. 

riXED 

OOliBUS- 
l^BLBS. 

TOTAL 
OOMBUS- 
TIBLXa. 

ASH. 

BUli- 
PHITB. 

OALORI- 
MBTBB 
B.  T.  U. 

Colfax  Consolidated  Goal  Co., 
Oolfaz,  Iowa 

9.84 

89.19 

40.61 

87.79 

4a  64 
87.98 

89.06 

48.21 

64.86 

61.04 
47.96 

79.27 

88.82 

92.64 

91.66 
85.96 

12.89 

11.18 

7.86 

8.42 
14.04 

2.84 

&26 

8.29 

8.68 
6.90 

11,206 

18.896 
12.681 

Whitebreaet  Fael  Co.,  Hilton, 
Iowa.... 

CenterTllle  Block  Coal  Co., 
Oentervllle,  Iowa 

Piatt  t'resMdand  Fire  Brick 
Co. ,  Van  Meter,  Iowa  .... 

11,941 

Oorej  Coal  Co. ,  Ltfdgh.Iowa. 

■  •  •  • 

12.481 
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This  company  controls  about  one  thousand  acres  of  coal  land 
in  Mound  Prairie  and  east  Washington  townships,  and  the 
whole  has  been  pretty  thoroughly  prospected.  Workable  coal 
is  found  to  underlie  considerable  areas  in  this  region.  In  the 
northwest  i  of  section  20,  Mound  Prairie  township,  shaft  No. 
8  has  just  been  completed.  A  vein  of  five  and  one-half  feet  is 
penetrated  at  a  depth  of  180  feet.  Entries  now  being  driven 
have  progressed  400  feet  from  the  shaft  and  active  mining  will 
begin  as  soon  as  the  plant  equipment  and  transportation  facili- 
ties are  in  readiness. 

Following  is  a  section  in  a  drill  hole  put  down  on  high  ground 
near  shaft  No.  8.  The  churn  drill  is  used  by  this  company  in 
all  of  its  prospecting. 

FKBT.   THCHKB. 
17.      Soil 4 

16.  Clay 26 

15.  Sea  mud * 13 

14.  Sand «...  4 

13.  Sandy  shale 3 

12.  Blue  clay 16 

11.  Soapstone 3 

10.  Sand  rock 4 

9.  Soapstone 7 

8 .  Slate 10 

7.  Coal  blossom 6 

6.  Slate 11      6 

5.  Coal 1 

4.  Soapstone 7 

3.  Slate 58 

2.  Light  slate 3 

1 .  Coal 5 


Clay. 

Jasper  county  is  well  supplied  with  material  for  the  manu- 
facture of  the  more  common  clay  wares,  building  brick  and 
drain  tile.  The  loess  has  proved  suitable  for  brick  and  drain 
tile  in  various  parts  of  the  state.  For  the  manufacture  of  pav- 
ing brick,  sewer  pipe  and  other  vitrified  wares,  and  for  pressed 
brick  and  hollow  blocks,  the  loess  is  not  suitable.  Since  the 
processes  in  the  manufacture  of  the  latter  named   wares  are 
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somewhat  more  elaborate,  the  clays  used  must  possess  good 
plasticity,  must  stand  higher  temperatures,  and  be  tough  and 
resistant  when  finished.  Clays  of  correct  composition  and  pos- 
sessing the  essential  physical  properties  for  these  wares  have 
been  found  only  in  the  older  formations,— the  shale  clays,  clay 
shales  and  fire  clays.  Those  of  Jasper  county  belong  exclu- 
sively to  the  Des  Moines  stage  of  the  Carboniferous,  and,  as 
will  be  pointed  out,  are  favorably  exposed  in  but  few  localities. 
In  general,  the  shales  of  the  Coal  Measures  in  the  county  are 
sandy  and  the  outcrops  to  be  observed  show,  almost  universally 
thin  beds  of  shaly  sandstone  and  clay  ironstone  nodules  which 
make  them  unsuitable  for  clay  manufacture.  Beds  of  shale  of 
.  considerable  thickness  and  of  uniform  character  are  reported 
in  the  sinking  of  coal  shafts  in  various  portions  of  the  area. 
The  fire  clay  seams  which  underlie  the  coal  beds  may  also 
prove  worthy  of  attention. 

Lynnvilie. — Newby  &  Macy  operate  a  plant  for  the  manu- 
facture of  brick  and  tile  in  the  southeast  part  of  the  town. 
The  clay  is  a  mixture  of  hillside  wash  and  alluvium,  and  is 
taken  out  near  the  edge  of  what  is  said  to  have  formerly  been 
an  old  lake.  It  is  free  from  concretionary  lime.  A  nine  and 
one-half -foot  bank  is  open.  Three  feet  of  black  soil  overlie 
six  and  one-half  feet  of  yellow  clay.  The  clay  is  drawn  up  a 
trestle  in  cars  by  a  winding  drum.  No  definite  propor- 
tions are  observed  in  the  mixing.  The  plant  is  provided 
with  a  30-horsepower  Ottumwa  engine  and  a  60-horsepower 
Chicago  boiler.  The  Brewer  auger  machine  is  used,  with  a 
hand-operated,  side-cut  delivery  table.  Brick  and  tile  are 
made.  Of  the  latter,  three-inch,  three  and  one-half-inch,  four, 
five  six  and  eight-inch  in  size,  according  to  demand.  The 
clay  stands  drying  well  without  checking.  The  drying  is  done 
in  a  two-story  shed  with  a  capacity  for  120,000  four-inch  tile. 
The  Warren  trucking  system  is  used.  The  dryer  is  provided 
with  coils  for  the  utilization  of  exhaust  steam.  Ventilation  is 
secured  through  lifting  side-doors.  Brick  dry  in  three  to  four 
weeks,  while  but  two  weeks  are  required  for  tile.  The  burning 
is  done  in  one  Stewart  kiln,  and  one  of  the  ordinary  type  of 
round,  down  draft  kilns.    The  latter  has  a  capacity  of  80,000 
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brick  and  is  equipped  with  Swift  coking  furnaces.  Tile  can  be 
burned  in  four  and  one-half  days,  about  two  days  of  which  are 
required  for  water- smoking. 

The  outcrops  of  shales  two  miles  north  of  Lynnville  have 
been  mentioned  under  the  title  Geological  Formations.  A 
small  amount  of  exploration  would,  it  is  believed,  locate  in  this 
vicinity  beds  of  workable  thickness  and  of  suitable  nature  for 
the  manufacture  of  clay  products. 

Monroe. — The  plant  of  G.  H.  Orcutt  is  located  on  Brush  creek, 
one-half  mile  west  of  the  town.  Coal  Measure  clays  are  used. 
The  bank  consists  of  a  few  feet  of  loess-like  drift  clay  and  ten 
inches  to  one  foot  of  coal  blossom  overlying  nine  feet  of  fire 
clay.  A  ten-inch  vein  of  coal  is  present  five  feet  below  the  base 
of  the  pit,  and  this  is  again  underlain  by  fire  clay.  Following 
are  the  chemical  analyses  of  two  samples,  one  taken  in  the  pit, 
ten  feet  from  the  surface;  the  second,  by  a  boring  about  ten 
feet  below  the  bottom  of  the  pit. 

10  rSBT  rROM  SURrAOB.        20  FXST  TBOM  8UBTACB. 
PKR  OBRT.  PBR  OXHT. 

SiO, 67.25 70.65 

Al.Oa 18.00 15.90 

F,0, 4.58   4.23 

Cap 60 65 

MgO 30 25 

NajO... lost    90 

KjO 2  03 100 

H,0  at  105"C 29 

Loss  at  red  beat 6. 18  5.53 

SOs .:6 83 


Total 99.79  99.94 

It  will  be  noted  that  the  fluxes  are  not  high  in  either  sample, 
with  the  exception  of  iron  oxide,  but  are  present  in  too  large 
amounts  to  allow  of  classification  as  a  fire  clay.  Physical  tests 
were  made  of  these  clays,  and  of  two  others  taken  five  and 
twenty-five  feet,  respectively,  from  the  surface,  with  results  as 
follows: 
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SAJfPLB. 


LTirXAB    SHRTNK- 
AOB  in  DBTINO. 


TKNSILB  BTBXirOTR 
or  D  B  T  OLAT. 
POUNDS  PKB  BQ.  IK. 


5  feet  from  surface 
10  feet  from  surface 
20  feet  from  surface 
25  feet  from  surface 


8 .  per  cent  . . 
8.5  per  cent  .. 
6.8  per  cent  . . 
75  per  cent  .. 


143 
133 
165 
122 


This  last  clay  melts  at  slightly  above  cone  3,  about  1200°  C, 
(2192°  F.).  The  others  are  all  more  refractory,  the  two  upper 
ones  burning  to  a  strong  buff  color.  The  shrinkage  in  drying 
is  below  the  average  and  there  is  no  tendency  to  cracking. 
Their  strength  and  plasticity  are  high.  It  should  be  possible 
to  combine  these  clays  so  as  to  produce  a  good  vitrifying  body 
for  paving  brick  and  other  vitrified  wares. 

The  buff  burning  clay  was  first  used  for  pottery  at  this  plant, 
and  a  superior  article  was  produced.  Since  the  clay  is  plastic  and 
moderately  refractory  it  could  be  "thrown"  with  facility,  and  it 
will  also  take  a  good  Albany  glaze.  At  present  brick,  drain  tile 
and  sidewalk  tile  are  made.  The  clay  is  picked,  and  hauled  in 
dump  carts  to  the  works  where  it  is  put  through  a  seven-foot, 
American  Clay  Working  Machinery  Company  dry  pan,  when 
dry;  and  into  Brewer  rolls  when  it  comes  from  the  pit  in  a 
plastic  condition.  The  clays  are  mixed  in  the  proportions  in 
which  they  occur  in  the  bank.  A  Freese  auger  machine  of 
25,000  capacity,  with  side  and  end  cut^oflfs  are  used  for  brick; 
and  a  Brewer  cutting  table  for  tile.  Power  is  supplied  by  one 
40-horsepower  Nagle  and  a  45-horsepower  Lennox  boiler,  and  a 
45-horsepower  Nagle  engine. 

The  wares  are  dried  in  open  sheds,  and  on  a  floor  underlain 
by  small  sized  sewer  pipe  laid  in  gravel,  through  which  exhaust 
steam  is  passed.  Burning  is  done  in  two  round  kilns:  one  six- 
teen feet  in  diameter,  equipped  with  inside  stacks  and  four 
fire  holes;  and  the  other  twenty-four  feet,  outside  stacks  and  six 
furnaces.  The  former  holds  18,000  brick,  and  the  latter 
50,000.  First  class  products  are  made  here,  the  blending  of 
the  carbonaceous  top  shale  with  the  fire  clay  giving  the  ware  a 
good  red  color.  Five  to  six  hundred  thousand  brick,  some  of 
which  are  shipped,  are  made  annually,  and  tile  is  produced 
according  to  the  demand. 


352  GEOLOGY  OF  JA8PBR  COUNTY. 

Kellogg, — Brick  and  tile  are  made  here  by  James  Holdsworth. 
The  clay  is  secured  south  of  the  Chicago,  Rook  Island  &  Pacific 
track  and  appears  to  consist  of  worked-over  loess  and  Kansan 
drift.  It  is  hauled  by  wagon  and  placed  in  a  soak-pit  with 
layers  of  sand.  A  moving  belt  carries  it  to  a  double-shaft  pug- 
auger  machine.  A  hand  operated  side-cut  is  used  for  brick, 
and  a  rotary  wire  cutter  for  tile.  The  ware  is  dried  on  slatted 
floors,  and  burned  in  two  round,  down  draft  kilns. 

Newton. — The  McAllister  Brick  and  Tile  Works  is  located  at 
the  east  edge  of  the  city,  on  the  Iowa  Central  track.  The  raw 
material  is  yellow  loess  grading  into  the  bluish  variety,  lying 
unconformably  on  a  pebbly  drift  wash.  The  cut  is  fifteen  to 
eighteen  feet  in  depth,  the  whole '  section  being  utilized.  The 
clay  is  drawn  to  the  factory  in  cars.  A  New  Brewer,  No.  9A 
stiff  mud  machine  is  used.  An  automatic  rotating  cutter  is 
used  for  tile  and  a  hand  lever  cut-off  for  brick.  The  auger 
machine  has  a  rating  of  40,000  brick  per  day.  There  are  five 
dry  sheds,  two  of  these  having  two  floors  each  and  are  provided 
with  steam  piping.  The  total  drying  capacity  is  about  70,000 
three-inch  tile.  Tile  dry  in  three  weeks.  A  thirteen  and  one- 
half-inch  tile  shrinks  in  length  to  one  foot  in  drying.  Care  is 
exercised  to  prevent  checking.  Two  Cooke  patent  kilns  are  on 
the  yard.  These  are  round,  down  drafts  and  are  sixteen  and 
eighteen  feet  in  diameter.  The  kilns  are  constructed  without 
bag  walls,  the  gases  from  the  furnaces  passing  beneath  the 
floor  to  a  central  chimney  which  extends  about  two-thirds  the 
height  of  the  kiln  chamber.  The  gases  then  pass  downward 
through  the  ware  and  out  through  openings  near  the  floor  into 
four  stacks  built  into  the  kiln  wall.  Firing  is  done  from  one 
side  only,  in  four  fire  boxes.  These  kilns  are  quite  satisfactory, 
the  smaller,  however,  giving  the  more  even  burn.  The  ware 
produced  is  strong  and  durable.  It  withstands  temperatures  in 
the  kiln  which  partially  vitrify  it,  which  is  unusual  with  this 
type  of  clay.  Only  tile  were  made  in  1904.  There  was  some 
demand  for  sidewalk  brick.  The  plant  is  operated  six  months, 
April  to  September  each  year,  employing  on  an  average  five 
men. 
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In  west  Newton  are  the  brick  yards  of  C.  Shamburg  and 
William  Henning.  Both  are  located  north  of,  and  close  to,  the 
Chicago,  Rock  Island  &  Pacific  track.  The  so-called  "red  oak" 
clay  is  the  raw  material  at  both  plants.  Banks  of  ten  to 
twelve  feet  are  open,  exposing  typical  loess  passing  into  the 
bluish  variety  below.  This  lower  portion  contains  lime  balls 
and  grades  into  a  sandy  joint  clay,  brown  to  drab  in  color, 
which  can  not  be  used.  The  clay  is  hauled  to  soak  pits  in  one- 
Korse  carts.  The  Shamburg  yard  is  equipped  with  a  Creager  & 
Sons'  five-mould,  soft  mud  machine;  seven  rack  and  pallet  dry 
sheds  holding  56,000  brick;  and  four  rectangular  cased  kilns 
holding  75,000  to  100,000  brick  each.  One  week  is  required  for 
drying,  and  eleven  to  twelve  days  for  burning.  Wood  is  used 
for  water-smoking  and  to  finish  off  each  burn. 

The  Henning  plant  consists  of  a  Horton  Manufacturing  Com- 
pany six-mould,  soft  mud  machine;  twenty  dry  sheds;  two 
cased  kilns  each  of  140,000  capacity;  and  two  round,  down  draft 
kilns  with  capacity  of  80,000  and  85,000  each.  Six  men  are  re- 
quired  to  operate  the  brick  machine,  besides  the  sand  boy  and 
one  man  to  shovel  from  the  soak  pit.  10,000  brick  can  be 
made  in  seven  hoars. 

Baxter. — Brick  have  been  made  for  sixteen  years  on  the 
William  Henneman  yard,  three  miles  west  of  Baxter,  in  the 
southeast  \  of  section  17,  Independence  township.  Loess  is 
used,  and  examination  of  a  cut  fifteen  feet  in  depth  shows  it  to 
be  unusually  free  from  concretionary  lime.  The  clay  varies 
from  the  yellow  color  into  the  gray-blue  below.  A  Henry  Mar- 
tin six-mould,  soft  mud  machine  is  used.  The  brick  are  burned 
in  two  open  kilns  of  twelve  and  eighteen  arches.  Three  kilns 
per  year  are  made.  There  is  a  strong  demand  for  brick  in  this 
section,  the  output  of  this  plant  being  hauled  to  Mingo,  Ira 
and  Melbourne  and  Collins  in  adjoining  counties. 

Col/ax. — Although  parties  have  operated  clay  plants  at 
several  points  in  this  vicinity,  the  yard  of  H.  Harrington,  in  the 
southeastern  part  of  the  town,  is  the  only  one  now  in  operation. 
Loess  is  the  raw  material  and  a  bank  is  open  in  which  are  ex' 
posed  twenty-five  feet  of  yellow  loess  grading  into  the  drab  and 
blue  below.    Lime  concretions  are  quite  plentiful  in  the  upper 
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portion,  and  shells  of  moUusks  are  abundant.  Root  casts  of 
limonite  occur  in  the  upper,  oxidized  portions.  The  clay  is 
carried  on  cars  to  three  semi-circular  soak  pits  made  of  brick, 
eleven  to  twelve  feet  in  diameter  and  four  and  one-half  feet 
deep.  The  brick  are  made  of  soft  mud  in  a  Henry  Martin,  six- 
mould  mjichine.  The  latter  is  mounted  on  a  truck  so  it  can  be 
moved  from  one  soak  pit  to  another  on  a  rail  track.  Drying  is 
done  in  open  sheds  on  pallets.  The  brick  are  burned  in  three 
open  kilns  and  one  round,  down  draft.  The  product  is  of  fair 
quality.  The  plant  was  not  operated  in  1904  but  the  manage- 
ment intends  to  make  brick  the  coming  season. 


Stone. 

Quarrying  has  been  done  at  several  points  in  Jasper  county  in 
the  belt  of  Red  Rock  sandstone,  which  affords  the  only  exten- 
sive deposits  of  building  stone  in  the  region.  Sandstone  from 
the  coal-bearing  strata  has  been  quarried  at  three  known  local- 
ities, section  34,  Des  Moines  township;  in  a  railroad  cut  in  sec- 
tion 30,  Fairview;  and  two  miles  above  Lynnville,  in  the  valley 
of  North  Skunk  river.  At  the  latter  place  only  is  quarrying  at 
present  carried  on  in  the  county.  The  exact  location  is  the 
northeast  J  of  the  northeast  J  of  section  34,  Richland  township. 
The  quarry  section  at  this  point  has  been  given  on  page  312. 
The  sauds.tone  is  brown  to  red  in  color  and  is  micaceous  with 
small  cavities  containing  fine  red  ochre  or  ocherous  clay.  The 
total  thickness  of  salable  stone  is  fifteen  feet.  Considerable 
stripping  of  the  overlying  shales  is  required.  The  quarry  is 
worked  by  William  Northcutt.  Three  hundred  perches  per 
year  is  the  output.  The  stone  is  durable,  and  supplies  the  local 
demand  for  cellar  and  foundation  walls. 

Stone  from  the  Red  Rock  formation  has  been  quarried  in  a 
number  of  places  in  section  17,  Rock  Creek  township.  The  old 
Morgan  quarry  on  the  land  of  G.  M.  Henning  was  open  forty 
years  ago.  A  face  twelve  feet  in  height  is  exposed,  consisting 
of  a  heavy  bed  of  brown  stone  separated  from  a  four  foot 
stratum  of  compact,  reddish-brown  sandstone,  by   two   feet  'of 
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shattered  rock.  Similar  strata  have  been  worked  both  above 
and  below  this  quarry  in  the  valley  of  Rock  creek  and  its 
branches. 

One  mile  east  of  Kellogg  the  brown  sandstone  has  been 
quarried  quite  extensively  in  the  past  by  the  railroad  company. 
Fiteen  feet  of  the  sandstone  are  open  to  view.  Large  plans  ap- 
pear to  have  been  made  here  for  the  development  of  these 
quarries,  but  no  work  has  been  done  for  years. 

Detailed  descriptions  of  the  quarry  exposures  near  Murphy 
and  Beasnor  have  been  given  under  the  description  of  the  Red 
Rock  sandstone.  Considerable  stone  has  been  removed  from 
the  Dooley  and  Lamphear  quarries  in  section  21,  Buena  Yista 
township.  The  latter  is  now  worked  intermittently  for  local 
use.    Both  the  red  and  brown  varieties  are  quarried. 

On  the  hill  slope  one-half  mile  north  of  Reasnor,  sandstone 
has  been  quarried.  One  mile  south  of  Reasnor,  at  "Stony  Point," 
the  brown  sandstone  has  been  quarried  in  the  past. 

The  most  extensive  quarrying  operations  in  the  county  were 
formerly  carried  on  at  the  old  Kemper  quarry  in  section  8,  Fair- 
view  township.  The  rock  was  quite  widely  known  as  the  Mon- 
roe red  sandstone,  although  both  red  and  brown  stone  were 
taken  out.  John  Reinhart  took  stone  from  here  forty  years 
ago,  and  worked  the  quarry  for  twenty-five  years.  E.  G.  Kemper 
produced,  in  seven  or  eight  years  of  his  possession,  some  cut 
and  dressed  stone,  and  at  one  time  employed  as  many  as  twenty 
men.  Considerable  stone  was  shipped.  The  present  owner,  A. 
Herwehe,  has  put  out  very  little  stone  in  the  last  two  years, 
although  there  is  a  fair  demand  locally. 

The  following  description  of  the  sandstone  points  out  its  chief 
characteristics:  * 

"  It  is  a  moderately  coarse-grained  stone,  with  gome  range  of 
color  and  texture  and  corresponds  in  general  with  the  Red 

Rock  stone  which  has  been  more  widely  marketed 

As  will  be  seen  from  the  tests,  it  is  an  excellent  stone  and 
might  be  used  to  advantage  in  all  structures  similar  to  those  in 
which  brownstone  has  been  used  so  extensively  in  the  east. 
Under  the  microscope  it  seems  to  be  made  up  of  rather  coarse 


•H.  F.  Bftln:  Ann.  Rep.    Iowa  Geol.  Snrv.,  Vol.  VIII,  p.  886. 
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and  rounded  grains  of  quartz  cemented  by  a  matrix  of  red- 
brown,  iron-stained  material  which,  judging  from  the  analysis, 
is  largely  ferric  oxides,  but  contains  also  some  aluminous 
material.  The  sand  grains  are  rarely  in  contact;  the  inter- 
stitial areas  being  usually  as  large  as  the  cross-section  of  the 
individual  grain." 

The  chemical  analysis  of  this  stone  as  given  on  page  412  of 
Doctor  Bain's  paper,  is  as  follows: 

SiO, i 84,35  per  cent. 

A1,0, 8.62 

PeO+Pe,0, 5.50 

CaO 88 

HjO  +  loss 43 

A  sample  of  the  deep  red  variety  collected  by  the  author 
analyzed  31.5  per  cent  of  alumina  and  ferric  oxide. 

The  following  composite  table  gives  the  results  of  physical 
tests  of  the  stone.  For  comparison  data  are  included  for  the 
Lake  Superior  sandstone,  a  building  material  of  established 
reputation.  The  figures  for  the  Monroe  sandstone  are  taken 
from  "Iowa  Building  Stones,"  by  Bain  in  Volume  VIII,  Iowa 
Geological  Survey  Reports;  those  for  the  Lake  Superior  rock 
from  Buckley's  "Building  and  Ornamental  Stones  of  Wis- 
consin." 

OSUSHINO  BTBXKOTB.   PBB  CBHT  Of 

poirirD6  pia  ABSORprrov. 

8QUABB  TNGB. 

3.600  8.64 


Monroe  sandstone <  «  ^^q 

r2,00l  (    4  4 

Lake  Superior  brown  stone -{  up  to  <    to 

16.500  (15.1 


In  the  Wisconsin  drift  area  and  in  portions  of  the  northeast 
townships  of  the  county  that  have  been  influenced  by  the  lowan 
ice  sheet,  fresh  granite  bowlders  are  abundant  and  are  used,  for 
walls  and  foundations  for  residences  and  farm  buildings. 
When  shaped  and  dressed  these  rocks  make  very  attractive 
walls,  and  are  eminently  durable  as  well. 
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Sand. 

Attention  has  been  directed  to  the  extensive  deposits  of 
sandy  loess  bordering  the  Skunk  river  valley  on  the  east.  In 
places  these  deposits  are  practically  pure  sand  and  have  been 
utilized  for  building  purposes.  On  the  hilltops  one-fourth  of  a 
mile  north  of  Beasnor  sand  has  been  excavated.  In  the  south- 
east ^  of  section  13,  Elk  Creek  township,  a  good  grade  of  clean 
sand  is  available.  The  finest  deposit  of  sand  observed  in  the 
county  is  open  near  the  north  edge  of  section  33,  Elk  Creek 
township.  The  sand  is  stratified  and  clean,  although  overlain 
by  several  feet  of  loess.  The  wind  blown  sands  have,  in  gen- 
eral, rounded  grains  and  are  therefore  not  as  satisfactory  where 
bonding  power  is  essential  as  are  those  of  angular  grain. 
Where  durability  and  resistance  to  weather  are  the  chief  func- 
tions of  the  filling  material,  as  in  ordinary  mortar,  and  for 
moulding  sand  Where  not  even  these  factors  are  essential,  the 
sands  available  in  Jasper  county  are  quite  satisfactory. 


Scad  Materials. 

* 

The  greatest  need  for  serviceable  road  materials  is  felt  in 
those  districts,  already  named,  which  are  covered  with  fine  sand 
and  sandy  loess.  A  mixture  of  the  more  plastic  loess  with  such 
sand  in  roadbeds  would  furnish  a  fair  foundation  for  a  surfac- 
ing of  gravel,  crushed  rock,  or  burnt  clay  ballast.  The  gravelly 
Wisconsin  drift  clay  affords  a  good  grade  of  material  for  road 
building,  providing  proper  drainage  is  accomplished.  A  gravel 
pit  is  opened  in  section  23  of  Clear  Creek  township. 

Available  gravel  deposits  are  not  well  distributed  over  the 
county,  nor  are  those  observed  in  the  most  acceptable  locations. 
A  small  clayey  gravel  outcrop  is  to  be  seen  at  the  bridge  over 
the  North  Skunk  river  in  the  northwest  ^  of  section  35,  Malaka 
township.  It  apparently  lies  beneath  the  Kansan  drift  and 
rests  unconformably  upon  the  alluvium  of  the  river  bottom. 
A  few  feet  of  sand  and  gravel  are  exposed  in  a  stream  cut  in 
the  northwest  J  of  section  4,  Poweshiek  township,  lying  beneath 
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four  feet  of  partially  sorted  Wisconsin  drift.  At  a  few  points 
in  the  northeast  J  of  section  27,  Kellogg  township,  and  in  the 
northeast  J  of  section  22,  gravels  are  exposed  along  the  river 
valley.  They  underlie  considerable  thicknesses  of  sandy  loess 
and  Kansan  drift;  but  if  utilized  in  conjunction  with  these 
materials  they  are  valuable  deposits.  In  the  southeast  J  of 
section  5,  Richland  township,  thirty-seven  feet  of  modified 
sandy,  iron-stained  Kansan  drift  are  exposed,  covered  with  ten 
to  twelve  feet  of  loess.  The  deposit  is  accessible  and  may  prove 
of  value  for  road  building  purposes. 

The  Red  Rock  sandstone  might'  be  made  use  of  in  places  for 
road  materials,  but  crushed  rock  of  this  nature  has  not  proven 
durable  as  compared  with  gravel  or  limestone.  The  life  of  a 
sandstone  roadbed  is  very  limited,  as  the  stone  does  not  pack 
or  cement  well,  and  continues  to  crush  under  traflSc  until 
reduced  to  sand,  with  its  undesirable  qualities. 

Clay  suitable  for  making  burnt  ballast  may  be  found  in 
nearly  every  portion  of  the  county.  No  fixed  list  of  qualities 
is  essential  to  such  a  clay,  nor  is  it  necessary  for  the  usual 
properties,  plasticity,  strength  and  refractoriness  to  be  possessed. 
The  alluvial  clays  along  the  streams  make  a  good  grade  of  bal- 
last. The  fine-grained  "gumbo"  phase  of  the  loess,  when  prop- 
erly calcined,  also  furnishes  excellent  material  for  road  con- 
struction. 


Ocher. 

A  deep  red  ocher  has  been  quarried  in  the  southwest  J  of 
the  northeast  J  of  section  21,  Fairview  township.  It  occurs  at 
the  apex  of  a  ridge  of  the  Red  Rock  sandstone,  where  the  rock 
is  badly  weathered.  The  material  itself  is  impalpably  fine,  and 
greasy  to  the  feel,  but  is  intermixed  with  sand  grains.  It 
appears  to  be  the  residuum  of  red  iron  oxide  (Fe2  O3 ),  the 
cementing  matter  remaining  from  the  decay  of  the  sand- 
stone. To  be  utilizable  it  would  require  to  be  washed  free  of 
the  sand.  It  is  possible  that  deposits  more  nearly  free  of  sand 
might  be  located  by  prospecting  along  the  lower  slope  of  the 
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hills  in  this  neighborhood.  No  data  were  obtained  with  regard 
to  the  production  or  the  disposition  of  the  ocher  taken  out.  It 
is  believed  that  it  might  prove  of  value  as  a  pigment  for  the 
manufacture  of  paint. 

Ores  of  The  Metals. 

Nuggets  of  metallic  copper  are  occasionally  found  in  the  drift. 
They  are  frequently  a  few  pounds  in  weight  and  are  more  com- 
mon in  the  Kansan  drift  than  in  the  later  deposits.  Several  speci- 
mens of  this  nature  have  been  picked  up  on  the  farm  of  Mr.  H. 
Barnes  in  section  26,  Fairview  township.  A  small  specimen  of 
ore  containing  beads  of  copper  and  native  silver  was  presented 
as  having  been  found  in  the  borings  from  a  well  on  this  farm. 
A  sample  of  vein  quartz  carrying  metallic  gold  is  said  to  have 
come  also  from  this  well.  These  samples  do  not  indicate  the 
existence  of  any  amount  of  similar  ore  in  the  region,  but  are 
frafsfments  only  that  have  been  broken  from  the  parent  rocks 
in  localities  to  the  north  and  carried  to  their  present  location 
by  the  glaciers  which  have  moved  over  the  region  under  con- 
sideration. The  copper  ore  mentioned  has  probably  come  from 
Keweenaw  Point,  Michigan,  where  such  materials  are  known  to 
occur. 

The  presence  of  zinc  and  lead  ores  in  the  Coal  Measure  strata 
is  occasionally  reported.  Zinc  sulphide,  sphalerite,  is  known  to 
occur  as  concretions  similar  to  iron  carbonate  and  iron  sul- 
phide and  "clay  ironstones,"  in  the  shale  beds  connected  with  the 
coal  seams.  This  ore  of  zinc  may  be  confused  \vith  siderite, 
the  carbonate  of  iron,  biit  specimens  have  been  examined  which 
leave  no  doubt  as  to  the  identity  of  the  mineral  and  its  occur- 
rence in  this  way.  Small  cubes  of  galena,  lead  sulphide,  are 
also  found  in  ironstone  nodules  along  with  iron  sulphide  and 
carbonate.  These  sporadic  occurrences  of  zinc  and  lead  in  the 
Coal  Measure  beds  mean  no  more  as  to  the  presence  of  minable 
quantities  of  these  ores  than  does  the  occurrence  of  iron  pyrite, 
for  example,  in  similar  surroundings,  indicate  the  probability 
of  workable  deposits  of  this  ore.  Lead  and  zinc  deposits  of 
importance  are  not  known  to  occur  in  this  form,  nor  associated 
with  rocks  of  this  nature. 
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Water  Supply. 


The  potable  waters  of  the  county  are  drawn  largely  from  the 
porous  strata  of  the  glacial  and  alluvial  deposits.  Shallow 
wells  in  the  loess  covered  regions  obtain  a  supply  in  the  sands 
at  the  base  of  this  deposit,  or  from  beds  of  gravel  and  sand 
which  are  very  commonly  found  at  the  base  of  the  Kansan 
drift.  When  the  latter  is  the  source  of  supply  the  wells  must 
be  sunk  to  depths  as  great  at  times  as  two  hundred  and  fifty  or 
three  hundred  feet.  In  the  river  valleys  an  abundant  and 
durable  supply  of  water  is  usually  obtainable  in  the  sand  strata 
at  moderate  depths,  seldom  more  than  forty  feet. 

Springs  issuing  from  the  Coal  Measure  strata  are  not  uncom- 
mon. The  water  is,  however,  often  so  charged  with  sulphuric 
acid  as  to  make  it  valueless,  where  it  comes  from  beds 
associated  with  coal  seams.  Two  instances  may  be  cited  of 
springs  which  flow  from  Coal  Measure  strata  and  furnish  never 
failing  supplies  of  good  water.  In  the  northeast  J  of  the 
northwest  J  of  section  9,  Rock  Creek  township,  is  such  a  spring 
flowing  from  near  the  base  of  the  Red  Rock  formation.  A 
spring  on  the  farm  of  Mr.  P.  W.  Mowry  in  section  34,  Des 
Moines  township,  furnishes  an  abundant  supply  of  most  excel- 
lent water.  Several  springs  are  found  in  some  localities 
issuing,  in  many  instances,  at  the  contact  of  the  porous  loess 
with  the  Kansan  drift.  These  afford  intermittent  and  often 
serviceable  supplies  for  farm  purposes. 

Flowing  wells  of  moderate  depth  are  to  be  obtained  in  certain 
portions  of  the  county.  In  all  instances  the  aquifer  is  some 
memberof  the  older  formations  below  the  Carboniferous.  There 
is  a  small  artesian  area  where  flows  are  obtained  along  North 
Skunk  river  in  sections  26  and  35,  Malaka  township.  There  are 
six  flowing  wells  in  this  vicinity,  two  being  located  on  the 
Riverside  Stock  Farm  in  section  35.  The  water  will  rise  four 
feet  above  the  level  of  the  flood  plain.  A  number  of  other  wells 
at  higher  levels  have  permanent  artesian  supply  but  do  not  flow. 
The  wells  are  145  to  175  feet  deep,  the  water  coming  from  lime 
and  sandstone  beds  below  Coal  Measure  shales,  which  are  seldom 
more  than  six  or  eight  feet  in  thickness.    Occasionally  flows 
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are  to  be  found  in  other  parts  of  the  county,  in  wells  that  do 
not  penetrate  below  the  drift,  but  in  which  the  water  rises 
under  hydrostatic  pressure,  are  common. 

Attempts  have  been  made  in  the  larger  towns  to  secure 
increased  and  more  permanent  supplies  of  water  by  deep 
drillings  into  the  pre-Carboniferous  formations. 

The  water  supply  for  the  city  of  Newton  was  formerly  drawn 
from  two  wells,  1,400  and  1,800  feetin  depth.  Although  a  record 
was  kept  of  the  strata  in  these  wells  it  is  not  at  present  avail- 
able. Professor  Norton  states  *  that  the  supply  comes  from 
the  Saint  Louis  beds,  reinforced  by  lower  flows  from  the 
Maquoketa.  While  usable  for  domestic  purposes,  the  water 
was  very  corrosive  in  boilers.  The  following  mineral  analysis 
of  the  water  was  made  by  Dr.  J.  B.  Weems. 

SOLI  08, 
PARTS  PEB  MILLTOK. 

Silica  (SiOa ) 36. 70 

Ferric  oxide  and  alumina  (PeiO,  ,  AlaO,) 16.5 

Sodium  chloride  (NaCl) 302. 

Sodium  sulphate  (Na.SO*) 2386.76 

Magnesium  sulphate  (Mg;  SO4) 435.86 

Calcium  sulphate  (CaS04) ..  .1104.89 

Calcium  carbonate  (Ca COj) 87.96 

Carbon  dioxide  (CO,) 81.30 

Total 445 1 .  97 

The  sanitary  analysis  of  the  water  is  as  follows: 

PARTES  PER  MILLION. 

Free  ammonia 2 .  27 

Albuminoid  ammonia 186 

Chlorine .  183 

Nitrogen  as  nitrites 0.00 

Nitrogen  as  nitrates 0 .  00 

*Solids  on  evaporation 4716 

Solids  on  ignition 4193 

Solids  at  180'' C 4519 

The  source  of  Newton's  present  water  supply  is  in  the  Skunk 
river  bottom,  five  and  three-fourths  miles  southwest  of  the  city, 
in  Mound- Prairie  township.  Eight  sand  points  are  driven  fifty 
feet  into  the  alluvial  materials  of  the  flood  plain,  and  the  water 

•  Artesian  walls  of  Iowa,  Iowa  Qea\  9ur. ,  Ann.  Rep.  Vol.  VI,  p.  292,  l(S86. 


1 


B62  GBOLOGT  OF  JASPER  OOUNTT. 

is  drawn  from  a  bed  of  gravel.  The  wells  are  distributed  over 
an  area  of  about  150-foot  radius  and  valves  are  so  arranged  that 
one  or  all  may  be  pumped  from  at  the  same  time.  The  supply 
is  abundant  and  the  qnality  excellent.  The  following  sanitary 
analysis  of  two  samples  of  water  from  a  nearby  well  drawing 
from  the  same  aquifer  was  made  by  Doctor  Weems,  May  10,  1903: 

PABTS  PSB  MII^LIOV. 
1  2 

Free  ammonia 1.152  .26 

Albuminoid  ammonia .288  .08 

Chlorine 10. 

Nitrites Tr .  Tr. 

Nitrates 8.  5. 

Solids  on  evaporation 246.  296. 

Solids  on  is:nition 116.  222. 

Oxygen  absorbed  in  15  min .06  .24 

Oxygen  absorbed  in  4  hours .12  .36 

The  pumping  station  is  located  at  the  wells.  The  water  is 
forced  to  the  city  through  an  eight-inch  pipe  line  and  is  lifted 
approximately  190  feet  to  the  bottom  of  the  supply  tank.  The 
latter  is  supported  on  a  fifty-six  foot  tower,  is  sixteen  feet  deep, 
and  thirty  feet  in  diameter.  The  present  needs  of  the  city  are 
met  by  pumping  four  hours  per  day  but  the  demand  is  rapidly 
increasing. 

Prairie  City  formerly  drew  its  water  supply  from  the  sands 
and  gravels  at  the  base  of  the  drift.  The  well  was  eighty-five 
feet  deep  and  the  supply  was  ample.  So  much  trouble  was 
given  by  quicksand  that  it  was  found  necessary  to  drill  deeper 
and  case  the  whole  to  shut  out  the  sand.  Drilling  was  contin- 
ued through  the  winter  of  1904  and  1905  and  at  present  has 
reached  a  depth  of  390  feet.  A  detailed  record  of  the  strata 
passed  through  was  not  kept.  Examination  of  cores  from  dif- 
ferent depths  gives  data  which  will  warrant  the  following  di- 
visions. The  record  of  the  railroad  well  kept  by  Mr.  B.  W. 
Brown  was  also  made  use  of  in  this  connection. 
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1.  Loess  and  drift 85  ±  feet. 

2.  Coal  Measure  shales  and  sandstone 140  +  feet. 

3.  Limestone 65  +  feet. 

4.  Coarse,  white  sandstone 2  +  feet. 

5.  Compact  shale 63  +  ^eet. 

6.  Dense,  gray.  mg.  limestone,  penetrated 35      feet. 

No.  3  is  probably  the  Saint  Louis.  The  shot  drill  is  used, 
the  core  down  to  three  hundred  and  twenty  feet  being  five  in- 
ches in  diameter;  four  inches,  to  three  hundred  and  fifty-five 
feet,  and  two  and  one-half  inches,  to  the  present  depth. 


Mineral  Waters. 

In  and  near  the  town  of  Colfax,  flowing  wells  are  obtained 
at  depths  of  two  hundred  and  sixty  to  three  hundred  feet.  The 
quality  of  the  water  obtained  has  given  Colfax  a  wide  spread  rep- 
utation for  its  mineral  water.  The  water  comes  from  the  Saint 
Louis  strata.  In  sinking  the  wells  three  water  bearing  strata 
are  usually  penetrated,  but  the  lowest,  reached  in  the  neigh- 
borhood of  three  hundred  feet  in  Colfax,  furnishes  the  mineral- 
ized water.  An  approximate  section  is  given  on  page  307. 
The  water  will  rise  ten  to  twelve  feet  above  the  Skunk  river 
flood  plain. 

In  the  town  of  Colfax  more  than  a  dozen  of  these  wells  have 
been  sunk,  and  are  found  distributed  chiefly  among  hotels, 
sanitariums  and  bottling  works.  Detailed  data  regarding 
four  of  these  wells  are  given  in  Professor  Norton's  "Artesian 
Wells  of  Iowa",  page  293.  There  are  four  bottling  works  in 
Colfax:  Fryes  Bottling  Works,  Fellows'  Bottling  Works,  Gor- 
don Bottling  Works,  Crisman  Bottling  Works.  From  these 
establishments  are  annually  shipped  to  all  parts  of  the  country 
thousands  of  gallons  of  the  mineral  water.  The  principal  ho- 
tels also  ship  large  amounts  of  the  water.  The  estimated  out- 
put from  one  of  the  larger  bottling  works  for  one  year, 
exclusive  of  that  sold  locally,  totals  20,000  gallons. 

The  water  as  it  comes  from  the  wells  contains  a  small  per- 
centage of  carbonic  acid  gas  (CO2 )  as  is  shown  in  the  mineral 
analysis  on  page  865.  This  is  not  sjufiicient,  under  atmospheric 
conditions,  to  holdjthe  dissolved  salts  in  solution.     In  bottling, 
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the  water  is  therefore  impregnated  with  carbon  dioxide  under 
a  pressure  of  sixty  pounds  to  the  inch.  Special  pieces  of  machin- 
ery are  designed  for  this  work.  One  man  can  fill  eighteen 
cases,  432  quart  bottles  in  one  hour.  The  water  is  shipped  aliio 
in  jugs,  demijohns,  kegs  and  barrels.  By  the  addition  of  arti- 
ficial  syrups,   tinctures  and  flavors,   a  variety  of  commercial 


FtO.  30.     TIew  st  the  •aoltaiiam  mloerat  well,  la  winter. 


beverages  is  produced:  lemon  sour,  ginger  ale,  wild  cb^ 
phosphate,  are  examples.  i 

The  following  analysis  was  made  by  Prof.  L.  G.  Micb*  J 
of  the  Iowa  State  College.    The  sample  was  kindly  submi**^. 
by  Dr.  J.  B.  Sherbon,  of  the  Grand  Hotel,  at  Colfax.     Five  g*'' 


MIKBBAL     WATERS.  365 

Ions  of  the  water  were  collected  and  at  once  hermetically 
sealed  at  the  well  in  a  stoneware  jug. 

Ambs,  Iowa,  March  1,  1905. 

The  following:  is  a  report  on  the  water  from  Colfax 
well: 

GmLMB  PBB  LITIIS.  OBAIH8  PMB  IMP.   OAL. 

CO, 7.76  NaCl 3.76 

SiO, 0.127S  Na.SO* 83.01 

Fe 0.00575  KtS04 0.54 

CI 0.034  Mg304 26.68 

CaO 1.0268  CaSO* 32.44 

MgO 0.131  CaCO, 99.63 

K,0 0.0042  FeCO, 0.83 

Na,0 0.5458  SiO, 8.75 

SO, 1.2448  Lithia 

♦CO, 594  86 

Louis  6.  Michabl, 

Survey  Chemist 

A  strict  classification  of  this  water  would  be  calcic-saline 
chalybeate,  following  the  divisions  given  by  A.  C.  Peale  in  the 
14th  Annual  Report  of  the  United  States  Geological  Survey.  It 
would  also  be  classed  as  a  "carbonated"  water  because  of  the 
carbon  dioxide  it  contains.  When  the  water  is  allowed  to  stand 
in  the  atmosphere,  or  is  heated,  a  coating  of  iron  rust  forms  in 
the  containing  vessel.  The  precipitation  of  iron  salts  also 
necessitates  occasional  cleaning  of  the  casings  in  the  wells. 
Decrease  of  pressure  and  the  escape  of  CO  2,  along  with  aera- 
tion, cause  the  precipitation  of  the  iron  which  probably  exists 
in  solution  as  the  carbonate  and  sulphate. 

There  is  at  the  present  day  much  speculation  among  physi- 
cians and  scientists  as  to  the  exact  therapeutic  value  of  the 
different  mineral  waters.  A  review  of  the  best  information 
extant  on  the  "Therapeutics  of  Artesian  Waters"  is  to  be  found 
in  Professor  Norton's  "Artesian  Waters  of  Iowa,*'  page  386  et  seq. 
A  terse  summing  up  at  the  close  of  an  extended  article  on  the 
Mineral  Waters  of  Indiana,  by  Robert  Hessler,  M.  D.,f  includes 


^COs— Weight  of  gas  given  off  the  water  when  boiled. 
1 28th  Ann.  Rep.  Indiana  Oeol.  8arT.»  lOOe,  p.  160. 
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the  following  statements,  which  are  quoted  as  indicating  the 
trend  of  the  conclusions  being  reached  by  investigators  in  the 
modern  school  of  "curative  physik": 

"Mineral  waters  add  nothing  to  the  nutrition  of  the  body 
which  may  not  also  be  obtained  from  the  daily  food." 

"Although  the  curative  range  of  our  mineral  waters  is  quite 
limited  the  number  of  every  day  ailments  in  which  they  are 
indicated  is  large,  and  many  of  these  mineral  waters  may  be 
used  with  good  results." 

"Sharp  distinctions  must  be  made  between  curative  and  pal- 
liative treatment,  and  between  being  benefited  and  being 
cured." 

"The  indications  for  the  use  of  pure  water,  and  of  water  only 
slightly  mineralized,  are  many,  those  for  the  use  of  heavily 
mineralized  waters  are  comparatively  few." 


Water  Power. 

The  moderate  fall  of  the  larger  streams  of  the  county  renders 
available  a  supply  of  energy  which  might  be  utilized.  Data 
regarding  the  elevation,  slope,  volume  of  flow  and  available 
head  in  both  Skunk  rivers  are  given  in  Part  II,  Tenth  Census  of 
the  United  States.  At  present  the  mill  at  Lynnville  is  the  only 
one  run  by  water  power. 
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INTRODUCTION. 

AREA  AND  LOCATION. 

Clinton  county  has  an  area  of  880  square  miles.  It  is  situated 
nearly  midway  bet^veen  the  north  and  the  south  boundaries  of 
the  state,  along  the  Mississippi  river.  It  extends  farther  east 
than  any  other  county  in  Iowa.  Its  greatest  length  in  an  east 
and  west  direction  is  thirty-eight  miles,  while  from  north  to 
south  it  measures  twenty-one  miles.  The  abutting  county  on 
the  north  is  Jackson,  on  the  west  are  Cedar  and  Jones,  on  the 
south  is  Scott.  From  the  latter  county  it  is  separated  by  the 
Wapsipinicon  river.  Its  east  boundary  is  the  Mississippi  river. 
Clinton  county  is  the  fifth  of  the  counties  along  this  great 
water  way  counting  from  the  north,  and  the  sixth,  counting 
from  the  south. 

PREVIOUS  INVESTIGATIONS. 

Visiting  and  local  geologists  have  both  contributed  to  our 
knowledge  of  the  geology  of  Clinton  county.  Among  the 
earliest  geologists  whose  observations  are  recorded  we  find  J.  D. 
Whitney,  who  published  some  notes  on  the  drift  and  outcrops 
of  rock  along  the  Mississippi  and  Wapsipinicon  rivers,  in  HalPs 
first  report  on  the  Geology  of  Iowa.*  Dr.  James  Hall,  who  de- 
scribed the  general  characters  of  the  rock  in  Iowa  in  the  same 
volume,t  has  some  references  to  this  county.  Dr.  J.  P.  Farns- 
worth  of  Clinton  has  published  an  account  of  pockets  of  fire 
clay,  which  were  noticed  in  the  limestone  in  the  vicinity  of 
Clinton.^  Dr.  W  J  McGee  made  extensive  observations  on  the 
drift  in  this  county  and  published  an  account  of  his  studies  in 
his  Pleistocene  History  of  Northeastern  lowa.%     In  this  he  de- 

•  James  HaU:  GeoL  of  Iowa,  Vol.  I,  pp.  ^{78-282.    1868. 

t  James  Hall:  Oeol.  of  Iowa,  Vol.  I,  pp.  70-71.  1868. 

t  J.  P.  Ftornsworth:  Am.  Geol.,  Vol.  Ill,  pp.  881-8S4.    1888. 

^  W  J  McGee:  11th  Annnal  Report  U.  8.  Gteol.  Sarv.    part  I. 
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scribes  the  Goose  Lake  valley,  and  also  two  different  drift  sheets. 
In  his  monograph  entitled  The  Illinois  Glacial  Lobe,*  Frank 
Leverett  has  published  a  full  account  of  his  studies  of  the  drift 
in  a  number  of  places  in  Clinton  county,  especially  those  bear- 
ing on  the  earlier  course  of  the  Mississippi  river  in  the  Goose 
Lake  channel. 


TOPOGRAPHY. 

The  topography  of  Clinton  county  presents  several  clearly 
distinguishable  areas.  The  lowlands  of  the  Mississippi,  the- 
lowlands  of  the  Wapsipinicon,  the  Goose  Lake  valley,  the  up- 
lands of  the  lowan  drift,  and  the  uplands  of  the  older  drifts, 
each  is  marked  by  different  topographic  features  and  is  best 
described  separately. 

The  Mississippi  Lowlands. — At  the  north  boundary  of  Clin- 
ton county  these  lowlands  are  a  little  more  than  a  mile  wide, 
on  the  Iowa  side  of  the  river.  Following  them  to  the  south 
they  widen  out  to  nearly  two  miles  in  width  in  sections  7  arid  8 
in  Spring  Valley  township.  In  section  18  in  the  same  town- 
ship the  bluffs  again  turn  toward  the  river  and  reach  out  to  its 
bank  in  the  north  part  of  section  20.  This  and  the  extreme 
northeast  corner  of  the  county  are  the  only  places  where  there 
are  no  lowlands  between  the  river  and  the  bluffs.  From  below 
this  point,  and  all  the  way  to  the  Wapsipinicon,  the  bottom 
lands  continue  to  increase  in  width,  and  at  the  point  where  the 
two  streams  meet  they  extend  two  miles  away  from  the  Missis- 
sippi. The  surface  of  these  lowlands  is  that  of  a  level,  alluvial 
plain,  for  the  most  part  only  about  twenty-five  or  thirty  feet 
above  the  level  of  the  river,  with  a  general  slope  to  the  south 
of  less  than  one  foot  to  the  mile.  Near  Camanche  and  near 
Follets  there  are  remnants  of  old  terraces  which  rise  about 
thirty  feet  above  the  level  of  the  flood  plain.  It  is  evident 
that  the  entire  valley  of  the  great  river,  which  reaches  a  width 
of  six  miles,  was  onc-e  filled  to  this  height,  and  that  the  river 

•Leverett:    Mon.  XXXVICI,  U.  S.  Gdol.  9arv.,  pp.  406-167.    See  alio  Fraak  Leverett,  Old 
Channel  o/  the  MiaaUiippi  in  Southeattem  Iowa,    Annals  of  Iowa,  Vol.  V.  pp.  88-61. 
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has  again  removed  nearly  all  its  old  deposits  down  to  the  pre- 
sent level  of  the  alluvial  plain.  Another  remnant  of  the  same 
old  terrace  lies  in  the  southwest  corner  of  section  30,  about  one 
mile  north,  and  one-half  mile  west,  of  Midland  Junction. 

To  the  southwest  of  Clinton  an  island-like  part  of  the 
uplands  is  cut  off  from  the  main  upland  to  the  west  by  a  valley 
about  one-half  mile  in  width.  This  valley  connects  with  the 
Mississippi  bottoms  at  both  ends,  and  it  is  drained  by  a  small 
stream  known  as  Hart's  Mill  creek.  Its  origin  dates  back  to  a 
time  when  the  drainage  of  the  Mississippi  was  impeded,  and 
its  waters  flowed  over  several  long  and  low  sags  to  the  east. 
The  opening  up  and  the  lowering  of  the  Mississippi  valley 
farther  down  was  evidently  so  slow  and  gradual  that  the  river 
was  able  to  maintain  and  widen  out  several  channels  in  this 
region  at  one  and  the  same  time.  The  relation  of  the  Hart's 
Mill  valley  to  the  other  lowlands  leaves  no  doubt  that  it  is  the 
result  of  the  work  of  the  river;  and  the  size  of  the  valley 
makes  it  clear  that  it  can  never  have  held  more  than  a  part  of 
the  great  stream  at  one  time.  The  strip  of  upland  extending 
to  the  southwest  of  the  city  of  Clinton  was  thus  at  one  timt;  a 
high  island  in  the  midst  of  the  Father  of  Waters. 

The  Wapsipinicon  Lowlands, — The  Wapsipinicon  river  enters 
Clinton  county  in  section  7  of  Liberty  township.  The  width  of 
its  bottom  lands  at  this  place  is  about  one  mile,  and  this  con- 
tinues as  far  down  as  the  village  of  Toronto.  Below  this  place 
the  channel  widens  to  more  than  two  miles,  sometimes  to 
nearly  four  miles,  as  between  Wheatland  and  Calamus,  and  at  a 
place  about  three  and  one-half  miles  north  of  Calamus.  This 
wide  bottom  is  again  contracted  to  less  than  one  mile  near  the 
north  boundary  of  Scott  county,  east  of  Dixon.  From  this 
point  all  the  way  to  the  Mississippi,  the  valley  is  open,  varying 
from  two  to  four  miles  in  width.  The  surface  of  the  Wapsi- 
pinicon flood  plain  is  mostly  from  fifteen  to  twenty-five  feet 
above  the  low  water  mark  in  the  river.  Nearest  the  channel 
its  surface  is  frequently  indented  by  ox-bow  lagoons,  that  mark 
lines  formerly  followed  by  the  main  channel.  Within  the 
limits  of  the  county  this  flood  plain  descends  at  the  rate  of 
about  two  and  one-half  feet  to  the  mile  towards  the 
Mississippi. 
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The  loivan  Drift  Plain. — About  two-fifths  of  the  uplands  of 
Clinton  county  consist  of  a  plain  which  has  an  average  elevation 
of  about  680  feet  above  the  sea,  and  which  ranges  from  620  to 
760  feet.  This  plain  has  a  relief  which  is  quite  different  from 
that  of  the  other  uplands.  Its  surface  is  somewhat  uniformly 
level  and  but  little  dissected  by  erosion.  There  are  extensive 
flat  lands  with  now  and  then  some  low  ridges  that  have  a  tend- 
ency to  extend  from  the  northwest  to  the  southeast.  This  we 
call  the  lowan  drift  plain,  for  its  boundaries  coincide  with  the 
boundaries  of  the  area  that  is  covered  by  the  lowan  drift. 
It  occupies  a  belt  that  extends  in  a  general  direction  from  the 
northwest  to  the  southeast,  and  ranges  from  six  to  ten  miles  in 
width.  On  the  west  it  enters  the  county  in  Liberty  township. 
Here  its  southern  boundary  lies  in  section  31,  extending  to  the 
east-southeast  for  three  miles,  to  a  point  about  one  mile  north 
of  Wheatland.  From  here  it  follows  the  Wapsipinicon  river 
towards  the  southeast,  and  crosses  this  stream  near  Dixon.  It 
continues  with  an  eastward  trend  in  Scott  county  to  near  the 
confluence  of  the  Wapsipinicon  with  the  Mississippi.  The 
north  boundary  lies  in  section  30  in  Sharon  township,  and  from 
there  extends  east  about  one  mile  on  the  north  side  of  the 
Chicago  Milwaukee  &  Saint  Paul  railroad,  as  far  as  Lost  Nation. 
From  here  the  north  boundary  follows  a  nearly  straight  line  in 
a  direction  east-southeast,  passing  a  point  about  one  mile 
south  of  Welton  to  Elvira,  and  to  all  appearances  meeting  the 
lowlands  of  the  Mississippi  some  three  miles  north  of  Camanche. 

The  Older  Drift  Plain. — North  of  the  lowan  drift  plain,  in 
the  north  part  of  the  county,  and  south  of  the  Wapsipinicon 
river  in  Spring  Rock  township,  the  land  is  built  up  from  older 
drifts  and  has  a  different  topographic  character.  Most  of  its 
relief  lies  from  700-900  feet  above  the  sea  level.  This  land  is 
thoroughly  dissected,  and  consists  mainly  of  slopes  which  fol- 
low the  ramifications  of  the  drainage  and  join  in  ridges  between 
these.  In  Elk  River  and  Spring  Valley  townships,  along  the 
Mississippi,  these  slopes  are  steep  and  high,  sometimes  pre- 
cipitous. Away  from  the  larger  valleys  they  are  more  gentle 
with  a  convex  contour  above  and  a  concave  contour  below. 
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The  highest  points  in  the  county  lie  in  this  drift  plain.  These 
are  in  section  34  in  Brookfield  township,  where  the  elevation 
exceeds  920  feet  above  the  sea  level,  and  in  section  8  in  Hamp- 
shire township,  where  the  elevation  is  about  910  feet.  Both  of 
these  points  lie  in  the  line  of  the  divide  between  the  Wapsi- 
pinicon  and  the  Maquoketa  basins.  In  the  small  tract  of  the 
older  drift  plain  which  occupies  the  southwest  one-half  of 
Spring  Kock  township,  the  most  elevated  point  is  located  in 
section  30,  and  reaches  a  height  of  860  feet  above  sea  level. 

The  Goose  Lake  Channel — Goose  Lake  channel  is  one  of  the 
most  interesting  features  in  the  topography  of  the  state.  It 
consists  of  a  large  stream  valley,  which  crosses  the  two  drift 
plains  from  north  to  south,  in  the  east  half  of  the  county. 
Starting  from  the  Maquoketa  river,  in  Jackson  county,  it  enters 
Clinton  county  in  sections  5  and  6  in  Deer  Creek  township,  and 
extends  from  there  in  a  direction  a  little  east  of  south  to 
near  the  center  of  Center  township.  At  this  point  it  turns  to  a 
course  a  little  west  of  south  and  joins  the  lowlands  of  the 
Wapsipinicon  in  the  southwest  corner  of  Eden  township.  This 
valley  averages  one  and  one-half  miles  in  width.  Its  flat  bot- 
tom lies  about  one  hundred  feet  below  the  nearest  part  of  the 
uplands  of  the  older  drift,  and  from  twenty-five  to  seventy-five 
feet  below  the  plain  of  the  lowan  drift.  It  is  limited  on  either 
side  by  a  well  marked  line  of  bluffs.  The  highest  point  on  the 
floor  of  the  valley  is  to  the  south  of  Goose  lake  where  its  eleva- 
tion is  690  feet.  From  this  point  the  surface  descends  north  as 
well  as  south.  In  the  latter  direction  the  descent  is  about  six 
feet  to  the  mile. 

DRAINAGE. 

Only  a  small  part  of  Clinton  county  drains  directly  into  the 
Mississippi  river.  This  is  a  strip  adjoining  the  river,  nine 
miles  wide  at  the  north  boundary  and  narrowing  to  five  miles 
near  its  sooth  end.  It  includes  the  townships  of  Elk  Kiver, 
Hampshire,  Spring  Valley,  Clinton,  Lincoln  and  Camanche. 
The  south  end  is  covered  by  the  lowan  drift.  It  has  a  low  re- 
lief and  a  sluggish  drainage.  There  are  several  sections  of 
marshy  land  north  and  east  of  Low  Moor,  and  these  cover  a 
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bottom  which  resembles  that  of  the  Goose  Lake  channel  and 
connects  with|the  latter  about  two  miles  south  of  Elvira.  The 
north  end  of  the  belt  has  a  higher  relief,  and  is  drained  by 
several  small  systems  of  ramifying  creeks  which  lead  out  to  the 
west  bluffs  of  the  great  water  way. 

Along  the  north  boundary   of  the  county  another  narrow 
area  drains  into  the  Maquoketa  river,  in  Jackson  county.     The 
basin  of  the  latter  stream  extends  about  two  miles  into  Clinton 
county,  at  the  northwest  corner,  but  as  we  proceed  eastward  it 
reaches  farther  to  the  south  so  as  to  include  section  1  in  Berlin, 
and  section   12  in   Welton   township.     From    here  its  south 
boundary  follows  closely  the  south  line  of  the  north  tier  of 
townships  across  Goose  Lake  channel  to  section  35  in  Deer 
Creek  township,  which  is  the  meeting  point  of  the  divides  that 
separate  the  three  drainage  basins.    All  of  the  area  of  the 
county  not  included  in  these  two  belts  drains  into  the  Wapsi- 
pinicon  river.    The  history  of  the  development  of  the  present 
drainage  in  this  region  is  exceedingly  complicated,  and  far  too 
much  involved  to  be  satisfactorily  made  out  in  all  of  its  details 
at  the  present  time.     There  are  a  few  general  features,  how- 
ever, whose  significance  is  quite  clear.    In  the  first  place  it  is 
evident  that  some  features  of  the  drainage  date  back  to  the 
time  preceding  the  Glacial  epoch.    There  can  be  no  doubt  that 
the  main  course  of  the  Mississippi  river  follows  a  preglacial 
channel  of  some  considerable  stream.     So  does  also  the  Wap- 
sipinicon  river.     Many  of  the  creeks  in  the  region  of  the  older 
drift  also  occupy  valleys  that  existed  before  this  drift  was  de- 
posited.   Prairie  creek.  Elk  creek  and  probably  Sugar  creek  are 
examples  of  this  kind. 

But  there  are  other  creeks  whose  present  courses  have  been 
determined  by  the  drift  deposits.  Deep  creek,  which  runs  for 
nearly  fourteen  miles  from  west  to  east  and  follows  the  north 
side  of  a  belt  of  comparatively  heavy  drift,  was  in  all  proba- 
bility turned  into  that  course  by  the  same  drift.  The  drainage 
of  the  Goose  Lake  channel  is  of  still  later  origin.  It  is  supposed 
to  date  back  to  a  time  when  the  Illinoian  glacial  lobe  pushed 
across  into  Iowa  from  the  east,  and  caused  the  Mississippi  to 
find  a  new  channel  in  passing  its  outer  and  western  border. 


DRAINAGE.  379 

This  valley  now  drains  a  strip  of  the  uplands  on  either  side,  a 
little  less  than  two  miles  in  width.  This  is  the  distance  to 
which  its  lateral  gullies  have  had  time  to  recede  or  cut  back 
into  the  old  drift  plain.  The  bottom  of  this  valley  has  a  very 
sluggish  drainage.  With  a  slope  of  only  five  feet  to  the  mile 
in  either  direction  north  and  south,  from  the  divide  one  mile 
south  of  Goose  lake,  the  greater  portion  of  its  surface  was  for- 
merly marshy  and  is  not  yet  well  drained,  though  several 
ditches  have  been  constructed  for  that  purpose.  There  can  be 
no  doubt  that  since  the  time  the  channel  was  abandoned  by 
the  stream  that  made  it,  accumulations  of  silt  have  raised 
its  bottom,  which  must  have  had  a  general  descent  to  the 
south.  At  present  its  surface  slopes  to  the  north  from  a  point 
near  Goose  lake,  and  is  drained  in  that  direction  by  Deep 
creek. 

The  drainage  of  the  lowan  drift  plain  is  of  still  later  date, 
and  is  as  a  result  still  less  perfect.  Its  streams  have  wide  and 
shallow  valleys,  and  marshy  ground  is  frequently  seen.  The 
drainage  is  sluggish.  There  are  even  a  few  small  basins  with- 
out outlets.  Along  the  north  border  of  this  drift  some  valleys 
extend  out. beyond  it,  which  are  in  size  out  of  proportion  to 
the  streams  that  now  drain  them.  These  are  evidently  drain- 
age lines  that  were  once  much  deeper,  and  which  now  lie 
partly  buried  under  a  filling  that  has  accumulated  as  the  drain- 
age became  clogged.  Silver  creek  is  the  most  pronounced 
instance  of  this  kind.  Its  valley  extends  north  up  to  Deer 
creek,  and  is  even  continued  across  and  beyond  this  stream. 
Deep  creek,  evidently,  now  drains  a  part  of  what  formerly  was 
the  north  extension  of  the  basin  of  Silver  creek.  The  Wap- 
sipinicon  valley  is  evidently  also  following  some  old  and  filled 
channels  throughout  the  greater  portion  of  its  course  in  this 
county.  Northeast  of  Dixon  it  perhaps  crosses  an  old  divide. 
Above  this  place,  in  the  region  between  Calamus  and  Wheat- 
land, water  stands  on  its  bottoms  for  weeks  during  rainy 
seasons.  In  the  lower  part  of  its  course  there  is  an  efficient 
under-drainage  in  the  sands  which  fill  the  old  channel,  and  at 
some  points  the  river  almost  entirely  disappears  during  stages 
of  low  water. 
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TABLE  OF  ALTITUDES  IN  CLINTON  COUNTY. 


STATION. 


ABOVS  BXA 

UiTKIi    AT 

STATION. 


AUTHOBimS. 


Big  Rock 

BrowDS 

Calamus 

Camanche 

Charlotte 

Clinton , 

Clinton , 

Clinton— low  water. 
Clinton — high  water 
Delmar  Junction. . . 
Delmar  Junction. . . 

Dewitt 

Dewitt 

Elk  River  Junction. 

El  wood 

Goose  Lake 

Grand  Mound 

Lost  Nation 

Low  Moor 

Lyons ^ 

Lyons ! 

Malone 

Midland  Junction.. 
Midland  Junction. . 

Riggs 

Teed's  Grove 

Toronto 

Welton    

Wheatland. 

Wheatland 


CjM.  &  St.  P.  R.R. 
C.y  M.  &  St.  P.  R.R. 
Gannett 's  Dictionary. 
Gannett 's  Dictionary. 
Gannett's  Dictionary. 
C,  M.  &  St.  P.  R.R. 
Gannett's  Dictionary. 
Gannett 's  Dictionary. 
Gannett's  Dictionary. 
CM.  &  St.  P.  R.R. 
C.  &  N.  W.  R.  R. 
C,  M.  &St.  P.  R.R. 
Gannett's  Dictionary. 
C..M.  &St.P.R.R. 
C,  M.  &St.  P.  R.R. 
Gfinnett's  Dictionary. 
Gannett's  Dictionary. 
C.  M.  &St.  P.  R.R. 
Gannett's  Dictionary. 
C,  M.  &St.P.R.R. 
C.  &N.  W.  R.  R. 
Gannett's  Dictionary. 
C.M.&St.P.R.R. 
C.  &N.  W.  R.  R. 
C.,M.  &St.  P.R.R. 
C,  M.  &St.P.R.R. 
C.  M.  &St.  P.  R.R. 
C.,M.  &St.P.  P.R. 
C.  M.  &St.  P.  R.R. 
C.  &  N.  W.  R.  R. 


STRATIGRAPHY. 
Oeneral  Relations  of  Strata. 


The  country  rock  in  this  county  is,  almost  everywhere,  the 
Niagara  limestone.  In  Spring  Valley  and  Elk  River  town- 
ships this  has  been  wholly  removed  by  erosion  in  a  few  places, 
and  the, underlying  Maquoketa  shale  is  exposed.  On  top  of  the 
Niagara  limestone  the  Coal  Measures  have  once  rested  uncon- 
formably,  but  these  have  been  almost  entirely  removed.  A 
few  small  outliers  are  left  in  some  places  near  the  north 
boundary  of  the  county.  These  sandstones  are  the  latest  sed- 
iments preceding  the  glacial  drift.  The  geest,  bowlder  clay, 
loess  and  alluvial  deposits  constitute  the  mantle  rock,  which 
usually  conceals  the  underlying  rocks  of  the  Paleozoic  group 
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except  in  some  places  where  these  rise  to  an  unusual  height,  or 
where  the  drift  cover  has  been  washed  away  by  recent  erosion. 
The  succession  of  these  formations,  as  far  as  known  from 
exposures  and  explorations  in  this  county,  is  set  forth  in  the 
following  table: 

TABLE  SHOWING  TBB  GENERAL  RBLATIONS  OF  THE  ROOKS  BXPOSBD  IN  CLINTON 

COUNTY. 


GBOUP. 

BTBTSM. 

SXBIM. 

STAGE. 

.- 

Pleistocene. 

Recent. 

Alluvial. 

Cenozoic. 

Glacial. 

lowan. 
Illinoian(?) 
Kansan. 
Pre-Kansan(?) 

Carboniferous. 

Upper  Carboniferous. 

Des  Moines. 

Paleozoic. 

Silnrian. 

Niagara. 

Grower. 
Delaware. 

Ordovician. 

Trenton. 

Maquoketa. 

Underlying  FormationB. 

DATA. 

The  formations  enumerated  in  the  above  table  are  all  that 
appear  in  surface  exposures.  The  Maquoketa  shale,  which  is 
the  lowermost  rock,  does  not  come  into  view  in  its  entire  thick- 
ness, only  its  uppermost  strata  being  laid  bare  in  the  northeast 
part  of  the  county.  Nevertheless,  the  thickness  of  this  shale 
is  known  from  some  deep  explorations  which  have  been  made. 
These  explorations  show  the  nature  of  the  underlying  forma- 
tions to  a  depth  of  1,632  feet  below  the  base  of  the  Niagara 
limestone. 

The  Older  Clinton  Wells.— In  the  city  of  Clinton  no  less  than 
five  deep  wells  have  been  made.  Four  of  these  have  been 
reported  on  by  Prof.  W.  H.  Norton  in  an  earlier  publication 
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of  this  survey.'^  His  determinations  of  the  formations  explored 
are  based  on  records  furnished  by  drillers  and  others,  and  also 
upon  the  nature  of  some  samples  from  the  Dewitt  Park  well 
and  the  well  put  down  by  the  Chicago  and  Northwestern  Rail- 
way company.  These  determinations  are  Riven  in  the  table 
below : 


TABLB  SHOWINQ  THB  THI0KNBS3   (IN  FBBT)    OF   THB   FORMATIONS    BZPLOBBD 
IN  THB  WBLL8  IN  CLINTON.  AS  DBTBRMINBD  BY  PROF.  W.  H.  NORTON. 


1 

2 

3 

4 

% 

riRST  OITT 

WATER- 

WOBKB,  WELL 

DSWTTT  PABK 

waiii^ 

0.  a  N.  w.  B. 

B.  WXLL. 

PAPSB   OOM- 

PAHTWSX.U 

• 

Niagara  limestone 

120 

90 

130 

224 

Maqnoketa  sbale 

180 

140-180 

295 

175 

Galena- Trenton  limestone 

325 

410-450 

275 

Saint  Peter  sandstone 

100 

40 

60 

Limerock 

to  1.075 

feet. 

Oneota  limestone 

300 

Mixed  lime- 
stone and 
sandstone, 
800  feet. 

380 

Jordan  sandstone 

125 

The  samples  of  drillings  taken  from  two  of  these  wells  are 
described  as  follows: 

1 .    Samples  from  the  Dewitt  Park  well, 

DEPTH,  Iir  PBBT. 

10-80 Buff  dolomite. 

300-350 Gray  and  somewhat  porous  dolomite. 

500 Buff  dolomite. 

680-720 Sandstone,  pure,  white  and  soft,  numerous 

larger    grains  about    0.37    mm.     in 

diameter. 
790,  830,  900.. Dolomite. 
960 White  dolomite,   with  considerable  chert 

and  grains  of  quartz  sand. 

1025 Gray,  cherty ,  dolomite. 

1135 Arenaceous  dolomite. 


*  See  Artesian  Wells  of  lows,  VoL  VI,  pp.  Ml-246. 
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2.     Samples  from  the  CkUago  6f  Norihwistem  Railroad  Company* s  well. 

DBPra,  m  VBBT. 

400 Hard,  gray  dolomite. 

575 Possilifaroos  limestone  and  reddish  shale. 

7G9 White,     saccharoidal    sandstone,    with 

rounded  grains. 

Some  other  descriptive  notes  are  also  furnished:  The  100  feet 
of  Saint  Peter  sandstone  reported  in  the  first  City  Water- 
works well  include  some  shale  as  well  as  sand.  In  the  Dewitt 
Park  well  there  was  some  sandstone  at  the  depth  of  1,000  feet, 
and  in  the  Chicago  &  Northwestern  railroad  well  the  130 
feet  of  Niagara  rock  is  described  as  consisting  of  100  feet  of 
"shelly  rock"  and  30  feet  of  "hard  rock."  Another  record  of 
the  strata  of  the  first  City  Waterworks  well  is  given  by  Mr. 
D.  W.  Mead,  running  thus:  drift,  10  feet;  Niagara  limestone, 
290  feet;  Hudson  River  shale,  160  feet;  Galena  limestone,  275 
feet;  Trenton  limestone,  275  feet;  Saint  Peter  sandstone,  100 
feet;  Lower  Magnesian  limestone,  175  feet;  Potsdam  sandstone, 
364  feet.*  A  second  record  of  the  Dewitt  Park  well  given 
by  Superintendent  S.  M.  Highlands  is  quoted  by  Professor 
Norton  as  follows:  Niagara,  150  feet;  Maquoketa,  300  feet;  Ga- 
lena-Trenton, 250  feet;  Saint  Peter,  60  feet. 

It  is  clear  that  there  are  some  discrepancies  in  the  above  rec- 
ords which  can  not  be  accounted  for  except  as  due  to  differ- 
ence in  the  interpretations  on  the-part  of  the  observers,  or  else  as 
due  to  errors  in  making  the  measurements.  When  measure- 
ments are  made  by  the  drill  rods,  such  errors  are  not  uncom- 
mon. In  making  out  the  section  for  the  Clinton  wells. 
Professor  Norton  has,  as  it  seems,  taken  all  such,  sources  of 
error  into  consideration  and  made  estimates  which  find  sub- 
stantial verification  from  later  explorations. 

The  Latest  Waterworks  Well. — The  latest  well  for  the  city 
waterworks  was  made  in  1902,  several  years  after  Norton's  re- 
port was  published.  The  driller's  log  describing  the  rocks  pen- 
etrated was  obtained  from  the  superintendent  of  the  water- 
works by  the  writer.  The  well  was  drilled  by  J.  P.  Miller  & 
Company  of  Chicago.    This  record  is  given  in  full  on  plate  VI. 

•NotosontheHydro-Qeologjofllliaola  In  Relation  to  its  Water  Sapolj,  table  XI.  D.  W 
Mead. 
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Platb  VU    Log  of  the  latest  well  drilled  for  the  oit j  waterworks,  at  Clinton. 
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It  will  be  noticed  that  the  difference  between  this  record  and 
that  of  the  first  city  waterworks  well  is  quite  unimportant, 
and  mainly  consists  in  that  the  later  drilling  furnishes  a  some- 
what more  detailed  description  than  the  earlier.  The  eleva- 
tion of  the  curb  of  this  well  is  about  five  hundred  and 
eighty-eight  feet  above  the  sea  level. 

IVm,  Pitch's  Well. — Two  more  wells  in  this  county  extend  be- 
low the  base  of  the  Maquoketa  shale.  One  of  these  belongs  to 
Mr.  William  Pitch,  and  is  on  the  southwest  J  of  section  1,  in 
Brookfield  township.  This  exploration  penetrated  the  follow- 
ing strata: 

1.  Yellow  clay  (drift) 10  feet. 

2.  Limestone  (Niagara) 160  feet. 

3.  Bine  sbale  (Maqnoketa) 200  feet. 

4.  Limestone  of  gray  color  (Maquoketa?) 15  feet. 

5.  Black  and  soft  shale  (Maquoketa?) 8  feet. 

6.  Gray  limestone 18  feet. 

The  Dewitt  Well. — The  other  well  is  in  the  city  of  Dewilt  and 
was  made  by  the  Chicago,  Milwaukee  &  Saint  Paul  Railroad 
Company.  The  record  of  the  strata  penetrated  here  is  given  in 
the  table  of  well  records  in  the  pages  following  the  description 
of  the  Geest.    (See  well  No.  42.) 

DESCRIPTION  OF  8BOTIOK. 

Believing  that  differences  of  interpretation  will  account  for 
most  of  the  differences  shown  in  the  records  of  the  Clinton 
wells,  it  must  be  presumed  that  such  records  as  most  nearly 
agree  with  each  other  are  probably  nearest  to  representing  the 
actual  conditions.  It  is,  therefore,  believed  that  the  close  cor- 
respondence of  the  section  of  the  first  well  with  that  of  the 
latest  made  in  Clinton,  testifies  to  the  correctness  of  both. 
The  record  of  the  latest  well  gives  a  description  of  the  mate- 
rials penetrated  and  thus  materially  increases  our  basis  of 
known  facts  upon  which  the  identification  of  the  several  mem- 
bers must  rest.  Making  use  of  the  best  data  at  hand,  we  may 
describe  the  different  members,  which,  for  convenience,  may 
be  taken  in  order  from  below  upward. 
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The  Basal  Sandstones  and  Shales. — The  records  of  the  two 
wells  which  have  penetrated  this  lowest  formation  are  not 
exactly  alike.    One  mentions  merely  "  basal  sandstones  •'  while 
the  other  gives  two  sandstones  with  a  combined  thickness  of 
two  hundred  and  ninety-five  feet.    The  two  are  in  the  latter 
case  separated  by  fifty-five  feet  of  shale  and  are  overlain  by 
ninety-three  feet  of  the  same  kind  of  material,  making  the 
total  thickness  penetrated  four  hundred  and  forty-three  feet. 
The  same  rocks  have  been  explored  in  the  wells  in  Davenport, 
and  in  Rock  Island  in  Illinois.    The  resemblance  of  the  sections 
in  the  three  cities  is  strikingly  close.     In  each  instance  the 
upper  part  of  this  division  consisted  of  some  fine  and  indurated 
sediments,  which  are  variously  reported  as  "shale,"  "indurated 
sandstone"  or  "sandy  limestone  ".    This  is  from  sixty  to  ninety 
feet  in  thickness.      Below  this  bed  there  is  a  water-bearing 
sandstone,  from  one  hundred  and  fifty  to  two  hundred  and  fifty 
feet  in  thickness,  and  this  rests  again   on  some  fifty-five  to 
seventy-five  feet  of  finer  material,  sometimes  described  as  a 
mixture  of  shale  and  limestone.     Farthest  down,  in  Clinton  as 
well  as  in  Rock  Island,  is  a  'sandstone  explored   to  depths   of 
from  forty  to  nearly  one  hundred  feet.   For  a  comparison  of  the 
three  principal  explorations  in  the  three  cities,  the  records  are 
placed  side  by  side  in  the  table  below.    The  indicated   correla- 
tions are  necessarily  uncertain,  but  they  are  suggested  by  the 
similarity  in  the  succession.    This  whole  series  of  sediments  is 
usually  referred  to  the  Cambrian  age,  and  they  probably  belong 
to  the  Potsdam  series.     The  following  table  elucidates  this 
succession: 


im 
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TABLB  SHOWING  THB  DIVISIONS  OF  THB  BJlSAL  SANDSTONE  IN  THB  0ITIB9  OF 

CUNTON,  DAVENPORT,  AND  ROOK  ISLAND. 


Clinton,    Waterworks 
well,  1902. 

Davenport,  Glucose  Fac- 
tory well. 

Rock     Island,   Mitchell    and 
Lynde's  well. 

Shale,  93  feet. 

Shale,  40  feet. 

Sandy  limestone ,  20  feet . 

Compact  sandstone,  30  feet. 
Limestone,  35  feet. 

Sandstone,  252  feet. 

Sandstone,  160  feet. 

Sandstone,  130  feet. 

Shale,  55  feet. 

Shale,  51  feet. 

Shaly  limestone  and  shale,  75 
feet. 

Sandstone,  43  feet. 

Not  explored. 

Sandstone,  97  feet. 

Saint  Lawrence,  Jordan,  and  Oneota. — Above  the  basal  sand- 
stone and  shale,  the  wells  in  this  region  penetrate  a  magnesian 
limestone  which  is  five  hundred  to  eight  hundred  feet 
in  thickness.  This  rock  is  somewhat  variable  in  char- 
acter. Tt  contains  an  admixture  of  sand  which  some- 
times increases  to  the  exclusion  of  other  ingredients.  Drillers 
generally  report  it  as  limestone,  but  in  places  where 
the  sand  is  copious  they  sometimes  report  it  as  sand- 
stone. In  most  wells  the  sand  is  most  abundant  near  the 
middle.  Keyes  has  therefore  separated  these  beds  into  three 
divisions,  which  he  correlates  with  the  Saint  Lawrence,  the 
Jordan,  and  the  Oneota,  the  two  former  belonging  to  the  Cam- 
brian series,  and  the  latter  being  equivalent  to  what  is  usually 
known  as  the  Lower  Magnesian  limestone  of  the  Ordovician,  or 
Lower  Silurian  system.  The  middle  (Jordan)  sandstone  is  re- 
ported from  all  the  wells  that  have  reached  its  depth  in  Clin- 
ton, and  its  thickness,  when  recorded,  varies  from  twenty-five 
to  one  hundred  and  twenty-five  feet.  These  differences  in 
the  reports  are  probably  chiefly  due  to  differences  in 
judgment  as  to  the  most  suitable  terms  descriptive  of  vary- 
ing mixtures  of  lime  and  sand.  That  the  limestone  both  above 
and  below  contains  some  sand  is  known  from  samples  of  wells 
in  Davenport,  although  the  fact  is  reported  from  only  the 
Dewitt  Park  well  in  Clinton.     The  similarity  of  texture  which 
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characterizes  the  three  divisions  sometimes  leads  drillers  to 
report  it  under  one  item  as  "  limestone  "  or  "  sandy  limestone," 
and  it  may  yet  be  questioned  whether  all  three  divisions  may 
not  be  regarded  as  equivalents  of  the  Lower  Magnesian  alone. 
Thirty  miles  farther  south,  where  this  rock  measures  800  feet, 
drillers  have  found  it  so  uniform  in  nature  that  they  have 
described  it  all  under  one  and  the  same  designation  as  lime- 
stone. 
Saint  Peter, — This  overlies  the  Oneota  limestone,  but  it  is 

usually  separated  from  the  latter  by  some  greenish  shale  or 
clay,  which  in  the  waterworks  well  of  1902  is  reported  as  having 
a  thickness  of  ninety-two  feet.  Some  shale  generally  also  overlies 
this  sandstone  and  in  the  above  mentioned  well  this  measures 
fourteen  feet.  In  the  other  Clinton  wells  these  shales  are  not  re- 
ported, but  the  small  development  of  the  sandstone  indicates 
that  the  shales  probably  exist,  and  that  they  may  have  been 
referred  to  the  other  formations  above  and  below  the  sand- 
stone. In  Davenport,  in  Moline,  and  in  Rock  Island  the  shales 
are  present  in  all  wells  where  detailed  records  have  been  made. 
Probably  they  have  also  been  penetrated  by  the  deep  wells  in 
Clinton.  The  present  writer  is  inclined  to  think  that  they 
should  rather  be  classified  with  the  Saint  Peter,  as  the  thick- 
ness of  this  formation  usually  varies  inversely  with  the  thick- 
ness of  the  shales;  and  as  the  combined  measure  of  the  three 
maintains  a  greater  constancy  than  that  of  each  of  the  three 
taken  separately,  they  seem  to  replace  each  other . 

Galena  and  Trenton. — These  rest  on  the  Saint  Peter  sediments 
and  consist  of  dolomitic  limestone  above  with  a  variable 
thickness  of  calcareous  limestone  below.  The  latter  breaks 
into  thin,  flaky  fragments  under  the  drill.  The  measurements  in 
the  several  wells  range  from  two  hundred  and  fifty  to  four  hun- 
dred and  fifty  feet,  owing  apparently  to  differences  in  the  identi- 
fication of  the  several  observers.  The  close  correspondence 
between  the  two  most  accurate  records  suggests  that  these 
come  nearest  the  facts,  one  making  it  325  and  the  other  318  feet. 

Maquoketa  Shale. — The  Maquoketa  succeeds  the  Galena  up- 
ward. Measurements  in  the  different  wells  range  from  one 
hundred  and  forty  to  three  hundred  feet,  but  some  of  these 
measurements  are  clearly  unreliable.    In  the  well  in  Brook- 
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field  township  the  drill,  after  penetrating  the  body  of  the 
shale,  went  through  fifteen  feet  of  limestone  and  then 
eight  feet  of  a  black  shale.  In  Scott  county,  and  south 
of  the  Mississippi,  in  Illinois,  the  base  of  this  formation 
is  often  very  dark  and  bituminous  and  this  horizon  may  be  the 
equivalent  of  the  ''black  shale"  under  the  limestone.  It  is 
evident  that  there  may  be  alternations  of  shale  and  limestone 
between  the  main  bodies  of  the  fcwo  formations  and  this  may 
account  for  some  of  the  discrepancies  in  the  measurements. 
The  most  reliable  measurements  agreed  fairly  well,  viz:  180, 
180,  227  and  223  feet. 

Niagara  Limestone. — This  is  the  bed  rock  at  Clinton  and  over 
almost  the  entire  county.  Its  upper  surface  is  quite  uneven 
and  this  may  partly  account  for  the  extreme  differences  in  the 
measurements  of  its  thickness  in  the  several  wells,  which  range 
from  ninety  to  three  hundred  feet.  Three  of  the  wells  agree 
very  closely  making  it  120,  130  and  125  feet  respectively  at 
Clinton,  and  no  doubt  this  is  near  the  correct  figure  for  the 
altitude  of  the  land  where  the  wells  were  bored. 

In  the  absence  of  descriptive  records  for  the  most  of  the  wells 
it  seems  safest  in  making  a  summary  estimate  of  the  nature  and 
thickness  of  the  several  underlying  terranes  at  Clinton,  to 
average  only  such  as  corroborate  each  other  by  essential  agree- 
ment. There  is  no  evidence  of  faulting,  and  nothing  short  of 
this  could  account  for  some  of  the  extreme  differences  which 
exist  in  records. 

Summary  of  the  Section. — It  seems,  then,  that  in  making  a 
deep  well  in  Clinton  one  should  encounter  rock  materials 
essentiall V  as  indicated  below : 


13.  Limestone  (Niagara)   125 

12.  Shale  (Maquoketa) 202 

11.  Limestone  (Galena  and  Trenton) 321 

10.  Shale  (age  not  known) 10 

9.  Sand  (Saint  Peter) 55 

8.  Shale  (age  uncertain) 90 

7.  Sandy  limestone  (Oneota) 301 

6.  Sand,  with  little  or  no  calcareous  material  (Jor- 
dan?)      50 

5.  Sandy  limestone  (Cambrian ,  Saint  Lawrence)..  202 

4.  Shale  (Camtman) 93 

3.  Sandstone  (Cambrian) 252 

2.  Shale  (Cambrian) 55 

1.  Sandstone  (Cambrian) 43 
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The  Ordovioian  System. 

THE  MAQUOKBTA  SHALES. 

Exposures. — The  lowest,  hence  the  oldest,  rock  which  comes 
into  view  in  this  county  is  the  Maquoketa  shale.  It  does  not 
cover  a  very  large  area,  being  confined  to  some  places  in  the 
valleys  of  the  Mississippi  and  of  the  Elk  river,  in  Elk  River  and 
Spring  Valley  townships. 

The  most  southern  outcrop  is  seen  in  the  base  of  the  bluffs  of 
the  Mississippi  river,  just  north  of  the  city  of  Lyons,  now  in- 
cluded in  Clinton.  At  this  place  there  is  seen  nearly  100  feet 
of  the  yellow  Niagara  limestone  in  the  cliff  of  the  above  men- 
tioned bluff.  This  rests  upon  fifteen  feet  of  Maquoketa  shale. 
It  is  a  greenish-gray  shale  with  nodules  of  iron  pyrites  and  with 
layers  of  impure  dolomite.  The  shale  is  of  uniformly  fine 
texture.  Under  the  microscope  it  was  seen  to  contain  oc- 
casional crystal-like  grains  of  a  bright  green  color,  and  also 
some  very  minute  crystals  of  pyrites.  The  particles  making  up 
the  shale  range  from  .01  to  .005  of  a  millimeter  in  diameter  and 
fragments  measuring  as  much  as  0.1  of  a  millimeter  in  diam- 
eter are  exceedingly  rare. 

About  one-fourth  of  a  mile  north  of  the  exposure  above  de- 
scribed there  is  another  outcrop  close  to  the  tracks  of  the  Chicago, 
Milwaukee  &  Saint  Paul  railroad.  Here  there  is  a  thickness  of 
forty  feet  exposed.  The  nature  of  the  material  is  the  same  as 
at  the  first  place,  except  that  the  pyrites  nodules  seem  to  be 
more  frequent,  though  of  small  size.  The  shale  is  overlain  by 
about  forty  feet  of  yellow  limestone. 

Another  small  exposure  of  the  shale,  only  four  feet  in  thick- 
ness, was  found  along  the  railroad  track  near  the  northeast 
corner  of  section  18,  in  the  same  township.  No  fossils  were 
noted  in  any  of  these  three  localities. 

In  the  northwest  J  of  section  20  in  T.  83  N.  and  R.  7  E.  some 
more  of  this  shale  was  seen  along  the  south  side  of  Elk  river. 
There  were  eight  feet  of  bluish  shale  resting  on  two  feet  of 
greeuish-yellow  disintegrated  limestone.  In  the  shale  were 
several  bands  of  dolomitic,   bluish  limestone   measuring  from 
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one  to  three  inches  in  thickness,  and  in  these  layers  a  few  joints 
of  crinoid  stems  were  noted,  and  also  numerous  clusters  of  small 
cubical  crystals  of  pyrites.  The  rock  was  quite  impure  and 
contained  streaks  of  bluish  clay.  The  limestone  which  lies 
under  the  clay  partakes  of  the  same  nature,  and  exhibits  some 
concretionary  lumps  of  pyrites  and  other  material.  On  its 
upper  surface  there  occurs  a  Pleurotomaria,  an  Orthoceras,  and 
a  great  number  of  poorly  preserved  fragments  of  brachiopods 
and  bryozoa. 

Along  the  highway  in  the  southwest  J  of  section  13  in  Elk 
River  township,  some  of  this  shale  is  seen  in  a  tributary  of  Elk 
river  which  comes  in  from  the  southwest.  A  thickness  of  only 
about  four  feet  is  exposed.  The  shale  is  greenish-gray  in  color, 
and  in  places  it  is  somewhat  indurated.  There  is  some  pyrite 
and  a  great  number  of  dark,  nodular  grains  of  small  size,  rang- 
ing from  one  to  three  millimeters  in  diameter.  The  texture  is 
variable  but  approximates  the  same  as  is  found  in  other  places. 
In  this  shale  many  fossils  occur,  representing  forms  like  the 
following: 

Pleurotomaria,  sp. 
Rhynchoirema  capax. 
Sirophomena  plicaia, 
Leptcena  rhomboidaiis , 
Rafinesquina  alternata, 
PlectatnboniUs  sericea, 
Orthis  diforala. 
O,  biforata  laticosta, 
O.  occidentalis, 
Orthoceras,  sp. 
Chetetes,  sp. 
Dalmanites,  sp. 

On  top  of  this  shale  there  rest  at  this  place  two  feet  of  a 
yellow  or  bluish-yellow,  dolomitic  limestone,  in  which  were 
some  pockets  of  crystalline  calcite. 

Thickness  and  Geographical  Distribution, — The  thickness  of  the 
Maquoketa  can  not  be  made  out  from  these  exposures,  but  from 
the  data  already  given  in  the  discussion  of  the  wells  it  is  appar- 
ent that  this  must  be  about  two  hundred  feet.  Its  extent  of 
outcrop  as  a  bed  rock,  underlying  the  mantle  rock,  can  to  some 
extent  be  inferred  from  the  topography.    The  steep  bluffs  on 
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the  west  i^ide  of  the  Mississippi  bottoms  which  extend  north 
from  Lyons  up  to  the  north  boundary  of  the  county,  indicate 
that  the  valley  is  now  cut  below  the  base  of  the  Niagara  lime- 
stone this  entire  distance,  and  that  the  shales  constitute  the 
bed  rock  under  the  flood  plain  north  of  Lyons  on  the  west  side 
of  the  river.  In  the  Elk  River  valley  the  cutting  has  also 
reached  the  shale,  and  in  all  probability  shale  underlies  the 
drift  for  three  or  four  miles  up  this  valley,  although  it  has  been 
laid  bare  at  only  a  few  scattered  points. 


The  Silurian  System. 

THE  NIAGARA  LIMESTONE. 
ABEAL  EXTENT. 

Excepting  the  small  area  just  described  as  underlain  by  the 
Maquoketa  shale,  and  leaving  out  a  few  patches  of  still  smaller 
extent  of  Carboniferous  rock,  the  Niagara  limestone  is  every- 
where the  bed  rock  in  Clinton  county.  It  underlies  the  drift 
over  ninety-seven  per  cent  of  its  entire  surface,  and  there  is 
only  one  township  in  which  no  outcrops  of  this  rock  have  been 
noted — the  township  of  Berlin.  In  the  bluffs  of  the  Mississippi 
rock  is  almost  everywhere  seen,  and  north  of  Clinton  it  fre- 
quently rises  one  hundred  feet  above  the  level  of  the  river.  Over 
the  central  and  western  part  of  the  county  the  drift  has  not 
been  so  extensively  eroded,  and  the  bed  rock  appears  mostly 
only  in  scattered  places  along  the  water  courses.  In  order  to 
present  the  details  of  the  various  exposures  throughout  the 
county  the  outcrops  for  the  several  townships  may  be  described 
separately. 

DESOBIPTION  BY  TOWNSHIPS. 

Berlin. — This  is  the  only  township  in  the  county  where  no 
outcrops  of  the  Niagara  limestone  were  observed.  The  land  is 
low  and  drift  covered,  and  although  the  rock  probably  lies  at 
no  very  great  depth,  the  drift  has  nowhere  been  entirely  cut 
through  by  any  of  the  drainage  channels  as  far  as  is  known 
to  the  writer. 
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Bloomfield.  —A  little  to  the  northeast  of  the  center  of  sec- 
tion 1  there  are  several  exposures  in  the  bluffs  of  Sugar  creek. 
The  rock  is  a  much  weathered  and  disintegrated,  dolomitic 
limestone,  which  contains  thin  layers  of  gray  chert  and  casts  of 
Pentamerus  oblongus,  Halysites  catenulata  and  some  individuals  of 
species  of  Favosites.  On  the  north  side  of  the  creek  and  a  short 
distance  away  from  it,  there  are  some  towers  of  this  limestone, 
with  vertical  walls,  about  thirty  feet  high. .  These  towers  are 
evidently  erosion  forms  which  have  been  buried  under  the  drift, 
and  are  now  again  exposed  by  the  more  rapid  removal  of  the 
latter.  The  Niagara  limestone  was  also  seen  near  the  same 
creek  one  mile  farther  west,  and  near  the  Chicago,  Milwaukee 
&  Saint  Paul  railroad,  in  section  18. 

Brook  field.— Over  the  central  part  of  this  township  the  drift 
is  heavy  and  the  bed  rock  is  concealed,  but  it  appears  at  the 
surface  in  a  few  places  to  the  north.  In  the  northwest  J  of 
section  11  and  in  the  southwest  J  of  section  12,  ledges  of 
weathered  rock  are  seen  rising  on  the  slopes  of  some  of  the 
tributaries  of  Prairie  creek.  Other  places  where  rock  was 
noted  are  as  follows:  In  the  southwest  J  of  section  1,  near  the 
northwest  corner  of  the  southeast  J  of  section  2,  in  the  north- 
east corner  of  the  southeast  J  of  section  17,  in  the  northwest 
corner  of  the  southeast  J  of  section  5,  and  in  the  southeast  J  of 
section  8.  At  the  latter  place  the  rock  has  been  quarried  by 
Mr.  E.  L.  Cook.  The  face  of  this  quarry  is  about  six  feet  high 
with  two  feet  of  drift  stripping  above.  The  rock  is  a  yellow, 
porous  limestone,  unevenly  and  indistinctly  bedded.  Halysites 
catenulata,  Pentamerus  oblonguSf  and  fragments  of  an  Orthoceras 
were  noted.  In  the  town  of  Elwood,  rock  has  been  found 
within  thirty-six  feet  of  the  surface,  but  at  a  place  in  section  9, 
on  J.  W.  Whilsell's  farm,  a  well  went  down  250  feet  before  rock 
was  reached. 

Camanche. — On  the  lower  uplands  of  this  township  rock  is 
usually  not  deeply  covered  and  outcrops  are  moderately  com- 
mon. In  the  bluffs  bordering  the  lowlands  limestone  fre- 
quently crops  out.  Most  of  the  surface  rock  is  a  porous, 
disintegrated  limestone  with  frequent  pockets  of  crystals  of 
dolomite.    Ledges  which  lie  deeper  down  are  apt  to  be  more 
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fine-grained  and  compact.  Some  of  the  outcrops  examined 
may  be  mentioned.  In  the  west  bank  of  Rock  creek,  in  the 
southwest  corner  of  the  northwest  J  of  section  32,  ledges  of 
limestone  rise  to  seven  feet.  In  the  northwest  J  of  section  25, 
at  one  place  close  to  the  Chicago  &  Northwestern  railroad,  and 
also  on  the  farm  belonging  to  J.  H.  Thiessen,  irregularly 
bedded  and  mostly  soft  and  porous,  dolomitic  limestone  is 
exposed,  and  it  has  been  quarried  in  the  place  last  mentioned. 
A  rock  face  ten  feet  in  height  shows  no  marked  ledges  and 
the  rock,  which  is  porous,  has  some  of  its  cavities  filled  with 
a  floury  form  of  dolomite.  Near  the  railroad  a  specimen  of 
Favosifes  niagarensis  was  nbted. 

Centre.— 'The  drift  is  thick  in  this  township,  and  the  bed  rock 
is  mostly  covered.  It  comes  up  to  the  surface  in  the  east  bluffs 
of  the  Goose  Lake  valley,  in  sections  3  and  10,  and  is  occasion- 
ally seen  in  the  bed  of  a  tributary  to  Brophys  creek,  which 
comes  in  from  the  west  in  section  28.  On  a  farm  belonging  to 
Mr.  C.  Kearney  there  is  a  quarry  near  the  northeast  corner  of 
the  southwest  J  of  section  6.  This  exposes  about  nine  feet  of 
rock,  the  upper  part  of  which  is  disintegrated  and  ''shelly," 
while  the  lower  part  is  more  fine-grained  and  compact. 

Deep  Creek. — Along  Simmons  creek  in  the  northern  part  of 
the  township  there  are  a  number  of  small  outcrops  of  limestone^ 
and  also  in  the  bluffs  of  Goose  Lake  channel  further  south.  In 
the  north  bank  of  Simmons  creek,  in  the  northeast  J  of  section 
15,  the  limestone  forms  two  columns,  which  rise  some  twelve 
feet  above  the  ground,  and  are  only  eight  or  ten  feet  wide.  It 
is  probable  that  these  columns  antedate  the  time  of  the  depo- 
sition of  the  glacial  drift,  and  their  intact  existence  at  the 
present  time  is  evidence  that  the  flow  of  the  ice  at  this  point 
must  have  been  very  slow  and  gentle,  being  too  weak  to  tear 
down  these  towers.  It  is  to  be  remembered  that  this  part  of 
the  county  lies  near  to  the  driftless  area,  which  reaches  down 
to  within  a  few  miles  in  this  direction.  Two  quarries  deserve 
separate  mention.  One  is  in  section  28,  about  one-fourth  of  a 
mile  north  of  the  town  of  Goose  Lake.  This  has  a  face  of 
eighteen  feet,  which  consists  of  a  yellow  and  porous,  magne- 
sian  limestone  of  a  shattered  appearance,  without  well-defined 
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ledges,  and  with  streaks  of  white  and  powdery  dolonilto.  Thn 
uppermost  layer  of  the  quarry,  for  a  thioknoss  of  thriM*  iMrhi^H» 
is  literally  filled  with  casts  and  moulds  of  fossiln  which  an^ 
more  or  less  distorted  as  from  prosHuro.  Th(^  numt  friMpuMil 
forms  were  Pentamerus  oblonyns  and  llnh/sUvs  vairtinhtta,  A 
Favosites,  a  Zaphrentia  and  a  speciine<i  of  Syrifu/npnrn  rpvlivvl- 
/r/^a  were  also  noted.  The  other  (jnarry  iw  on  thn  north  hank 
of  Simmons  creek,  in  the  northeast  i  of  Hoction  14,  and  il  NhoWN 
the  same  kind  of  rock,  which  is  honoycornhod  hy  Hrnali  (NivilioN 
set  with  small  crystals  of  calcite.  l^entameruH  ohtom/UM  orrurn 
in  this  quarry  also;  and  in  addition,  IlfihjNitrH  ntUnnlalft,  Fam- 
sites  niaqarensis  and  Zaplirentis  HtokeHl  wrjro  notiul. 

Dewitt — In  the  east  part  of  this  township  thn  bod  rtirM  i« 
mostly  covered.  Two  exposures  were  Mum  in  wjction  12,  T,  Hi 
N.  and  R.  4  E.  One  of  these  is  juHt  to  the  north  of  whom  tho 
east-west  road  crosses  Cherry  creek,  and  tho  othor  onU'.rnu  i^ 
north  of  the  same  road  in  the  west  part  of  tho  mu'Xiou.  In  mut 
tion  12«  T.  81  N.  and  R.  3  R,  there  are  namorouit  nm^ll  oxp/m- 
ores  along  the  bed  of  Silver  creek.  In  all  of  tUnm  pifU'A^n  iho 
rock  is  poroos  and  disintegrates],  and  Umth  hn  nt'.MCM.  S^if 
the  centre  of  the  south  half  of  nectiott  2^  to  thn  north w^M. 
of  the  point  last  mentioned,  a  small  pillar  of  th^;  lirrM^^fono 
rises  above  the  drift.  The  following  section  n^'Jtn  on  Hflv^rr 
creek,  in  the  southwest  \  of  the  «^#uthwe*t  J  of  ^^f^'tion  2,  T,  HI 
X.  and  B.  3  £.,  is  the  large^it  expf^urH  fA  tb^?  Ni;»j(ara  lirn^v 
stone  in  this  township: 

7.     Drift ; 

I       T'ei.r**^  >irvM    rzAsrrM^s.  V.'Ti  i-^'  ->n^  ti-i^'-^  ^^•',y*. 
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In  all  of  the  ledges  of  this  section  there  was  evidence  of  crush- 
ing and  brecciation,  and  most  of  the  fossils  were  in  broken 
fragments.  The  bedding  planes  had  a  dip  of  5**  to  the  south- 
west, evidently  an  oblique  lamination. 

Eden. — Most  of  the  land  in  this  township  is  low,  and  the  bed 
rock  is  almost  everywhere  hidden.  Some  limestone  was  noted 
near  the  southwest  corner  of  section  6,  T.  80  N.,  near  the  Wap- 
sipinicon  river,  also  about  one-half  mile  east  of  Malone,  where 
a  small  quarry  has  been  opened  on  the  south  side  of  the  rail- 
road, and  likewise  at  a  point  near  the  railroad  about  three- 
fourths  of  a  mile  east  of  Brophys  creek. 

Elk  River, — In  sections  5,  8  and  17  in  R.  7  E.  the  uplands 
terminate  in  a  bluff,  sometimes  150  feet  high.  The  face  of  this 
bluff  consists  of  the  Niagara  limestone  with  the  overlying  drift. 
The  limestone  rises  in  places  as  high  as  one  hundred  feet.  The 
lower  twenty-five  feet  consist  of  a  dolomitic  limestone,  in 
which  there  are  frequent  bands  of  chert,  varying  in  thickness 
from  five  to  twelve  inches.  Above  this  cherty  rock  is  the  por- 
ous, yellow,  often  disintegrated  dolomite  with  small  cavities 
frequently  lined  with  calcite  crystals.  This  horizon  occasion- 
ally contains  abundant  specimens  of  Pentamerus  oblongus, 
HahjsUes  catenulata  and  Favosites  sp.  .  Along  Elk  river  the 
rock  sometimes  rises  in  towers  resembling  those  seen  in  Deep 
Creek  and  Dewitt  townships,  and  exceeding  these  in  size.  On 
the  farm  belonging  to  Wood  and  Struve,  the  following  section 
was  noted  near  the  southeast  corner  of  the  northeast  J  of  sec- 
tion 12,  R.  6  E. 

FEXT. 

5.  Pine-grained,  yellow,  dolomitic  limestone,  un- 
evenly bedded,  with  numerous  bands  of  chert 
from  two  to  eight  inches  in  thickness,  and  fre- 
quently containing  nodules  of  chert  from  one 
to  three  inches  in  diameter    20 

4.    Layer  of  chert % 

3.    Thin  bedded,     dolomitic    limestone,     containing 

nodules  of  chert 4 

2.  Brownish- gray,  compact  and  fine-grained,  dolo- 
mitic limestone;  apparently  in  one  single  ledge 
without  marks  of  stratification 10 

1.  Dolomitic  limestone ,  gradually  changing  in  color 
from  yellow  above  to  bluish-gray  below.  The 
rock  readily  breaks  up  into  small,  angular 
blocks.  Chert  nodules  measuring  from  three  to 
four  inches  in  diameter  are  found 30 
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At  this  place  the  face  of  the  rock  shows  the  effect  of  solution 
by  water,  which  has  opened  crevices  along  some  of  the  joints, 
extending  into  the  rock.  One  of  these  was  large  enough  to  ad- 
mit of  entrance. 

On  the  south  side  of  the  creek,  near  the  centre  of  the 
north  line  of  section  11,  is  another  exposure  of  a  single  ledge  of 
yellow  rock,  which  measures  fifteen  feet  in  thickness.  This 
rests  on  eight  feet  of  laminated  limestone.  Near  the  center  of 
the  south  i  of  section  18,  R.  7  E.,  is  a  cherty  limestone  which 
contains  the  usual  Halysites  and  Pentamerus  together  with  a 
number  of  undetermined  brachiopods.  About  one  mile  west 
from  this  point,  in  section  13,  R.  6  E.,  there  is  a  small  quarry 
south  of  the  road,  on  M.  D.  Shadduck's  farm,  which  shows  three 
ledges  as  follows: 

FEST. 

3.  Yellow,  disintegrated,  dolomite  limestone,  with 
bands  of  chert 10 

2.  Five  layers,  each  a  little  more  than  one  foot  in 
thickness,  and  separated  one  from  the  other  by  thin 
bands  of  chert '. 7 

1.  Pine-grained  limestone,  separated  into  thin  layers 
and  containing  some  chert  nodules 15 

Hampshire. — In  this  township  a  single  exposure  of  limestone 
was  noted  on  Mill  creek  in  section  34,  at  a  place  where  a  branch 
comes  in  from  the  northwest.    The  rock  was  yellow  and  porous. 

Liberty. — The  only  outcrops  of  bed  rock  in  this  township  are 
in  its  west  half,  and  near  the  Wapsipinicon  river.  The  usual 
phase  of  the  yellow  limestone  appears  in  the  weist  bank  of  the 
river  in  section  17.  A  small  quarry  has  been  worked  near  the 
highway  close  to  the  southeast  corner  of  the  southwest  i  of 
section  18,  and  some  rock  also  appears  near  the  southwest 
corner  of  section  29. 

Lincoln. — In  this  township  more  quarries  have  been  worked 
than  in  any  other  in  the  county.  This,  in  the  first  place,  is  due 
to  the  local  demand  for  building  stone  in  Clinton.  In  the 
second  place  rock  is  plentiful  in  the  bluffs  of  the  Mississippi, 
and  many  exposures  are  also  found  along  the  creeks  farther  to 
the  west.  The  stream  beds  are  sometimes  cut  in  ledges  of  the 
Niagara  dolomite. 
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Near  the  Agatha  hospital,  in  the  city  of  Clinton,  there  is  a 
quarry  with  a  face  about  sixteen  feet  in  height  and  about  four 
feet  of  drift  above.  The  uppermost  three  feet  consist  of  a 
yellow,  soft  rock,  which  contains  occasional  beads  and  stem 
segments  of  crinoids,  together  with  numerous  moulds  and 
casts  of  brachiopod  shells.  Below  this  there  is  more  compact 
stone  with  small  cavities  containiDf!  crystals  of  dolomite.  This 
is  six  feet  thick  acd  contains  the  usual  fossils,  such  as  Zaphrenlis 


stokesi,  Half/sites  catenutata  and  Pentamerus  ohlongus.  The  lower 
seven  feet  consist  of  more  evenly  bedded  and  compact,  fine- 
grained ledges  of  a  yellow  or  sometimes  brown  color.  Several 
ancient  caverns  have  been  exposed  by  the  excavation,  one  of 
which  was  four  feet  wide  and  at  least  five  feet  deep.  All  of 
these  caverns  are  filled  with  shale  of  a  later  age.  Ledges  hav- 
ing the  same  appearance,  and  containing  the  same  fossils  as  in 
the  above  quarry,  appear  at  the  foot  of  the  bluff  near  Fourth 
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Avenue  along  the  "bluff  road",  and  also  in  Peter  Gypsum's 
quarry  farther  to  the  northeast  (Fig.  31).  In  both  of  the  last 
two  places  specimens  of  an  Orthoceras  were  noted.  In  D.  T. 
Baldwin's  quarry,  which  lies  opposite  the  Springdale  cemetery, 
the  following  section  is  exposed : 


4.    Drift 4 

3.    Geest 2 

2.  Dolomitic  limestone,  porous  and  nnevenly  bedded. .  6 
1.  Yellow  and  brownish  dolomitic  limestone,  with 
compact  texture  and  even  bedding,  containing  a 
fossil  resembling  Dawsonoceras  annulaius  var. 
americana,  an  Orthoceras,  a  crinoid  head  and 
joints  of  crinoid  stems,  a  Heliolites,  Peniamerus 
odlongus,  and  HalysiUs  catenulata 5 

Olive. — A  single  small  exposure  of  limestone  was  noted 
along  Calamus  creek;  this  was  in  the  southeast  \  of  section  2. 
In  the  south  part  of  the  township  rock  occurs  near  the  bluffs  of 
the  Wapsipinicon  river,  and  has  been  encountered  near  the  sur- 
face in  some  wells  which  have  been  made  there. 

Orange. — Rock  appears  in  the  bed  of  Barber  creek  in  the 
southeast  \  of  section  19.  The  exposure  is  small,  and  the  ledges 
are  yellow  and  disintegrated. 

Sharon. — This  township  is  covered  with  a  thick  deposit  of 
drift,  and  exposures  of  the  bed  rock  are  not  numerous.  Never- 
theless, a  considerable  thickness  of  beds  is  exposed.  An  old 
quarry  in  the  northeast  corner  of  section  18  shows  some  heavy 
ledges  of  the  common,  yellow  dolomite  which  dip  about  V  to 
the  west.  Some  brownish  ledges  of  the  same  rock  appear 
along  the  ravines  near  the  west  line  of  section  18.  Rock  has 
been  quarried  on  Henry  Kiel's  farm,  one-half  mile  northeast  of 
Lost  Nation.  The  ledges  are  porous,  rather  unevenly  bedded, 
and  contain  some  chert.  Several  fossils  were  noted,  such  as 
Halysites  catenulata^  Pentamerus  oblongus,  Cartjocrinus  ornatus, 
Bumastus  sp.,  and  an  Orthoceras.  The  face  exposed  is  only  five 
feet  high. 

Another  quarry  from  which  much  rock  has  been  taken  is 
located  one-fourth  of  a  mile  east  of  the  center  of  section  15. 
The  rock  exposed  is  as  follows: 
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10.     Drift 5 

9.     Geest 4 

8.  Pine-grained  and  laminated  rock,  breaking  along 
the  horizontal  seams  into  slabs  from  one  to  three 
inches  in  thickness 4 

7.  More  coarse-grained  and  porous,  evenly  bedded, 
yellow  dolomitic  rock,  without  well  marked 
lamination 3 

6.  Pine-grained  dolomitic  limestone,  in  places  with 
very  distinct  crystalline  texture,  and  weather- 
ing into  slabs  about  four  inches  in  thickness. . .     3 

5.  Yellow  rock  with  occasional  pockets  set  with  crys- 
tals of  calcite 4 

4.    A  single  layer  of  fine-grained,  dolomitic  rock. ...     3 

3.  Brownish,  dolomitic  limestone  of  compact  texture, 
breaking  much  in  quarrying,  and  having  occa- 
sional crystals  of  calcite 3 

2.  Laminated,  fine-grained  and  compact,  dolomitic 
limestone ,  breaking  into  layers  one  inch  in  thick- 
ness, occasionally  bearing  chert 1 

1 .  Solid  and  compact  ledge  of  gray,  dolomitic  lime- 
stone, with  some  empty  crevices  lined  with  a  thin 
coating  of  crystals  of  calcite 2 

It  is  possible  that  the  rock  in  this  section  belongs  to  an  out- 
lier of  what  has  been  called  the  Anamosa  phase  of  the  Niagara. 
It  is  apparently  destitute  of  fossils,  and  in  this  respect  as  well 
as  in  its  even  bedding  it  differs  markedly  from  the  rock  in  other 
outcrops  in  this  county. 

Spring  Rock, — A  porous  and  dolomitic,  gray  or  yellow  lime- 
stone underlies  most  of  this  township  and  comes  into  view  in 
several  places  over  the  uplands.  In  the  bluffs  of  Rock  Run  and 
east  of  Big  Rock,  limestone  cliffs  measiving  ten  feet  or  more  in 
height  are  not  infrequent.  Nearly  all  of  the  deep  wells  enter 
this  rock,  which  is  porous  and  yields  water.  The  elevation  of 
the  surface  often  varies  quite  considerable  in  wells  that  are 
near  together. 

Spring  Valley. — The  Niagara  limestone  is  exposed  almost 
everywhere  in  the  bluffs  of  the  Mississippi  river,  throughout 
the  entire  length  of  the  township  from  north  to  south.  In  the 
main  the  same  ledges  are  to  be  seen,  and  these  belong  in  the 
lower  part  of  the  formation.  The  best  section  is  seen  where 
the  front  of  the  bluff  lies  close  to  the  railway  grade  near  the 
river  in  the  northeast  corner  of  section  30.  At  this  point  the 
following  succession  of  layers  was  observed. 
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6.     Drift 5 

5.     Geest 3 

4.  Porous  and  yellow,  dolomitic  limestone,  irregularly 
bedded,  full  of  small  crevices  lined  with  calcareous 
incrustations.  This  is  known  as  '*shell  rock" 
among  the  quarrymen .  In  these  ledges  Halysites 
catenulata  and  Pentatnerus  oblongus  were  found. .  40 
3.  Finely  granular,  yellow,  dolomitic  limestone  with 
numerous  small  cavities,  often  lined  with  a  coat- 
ing of  crystalline  calcite.  Bands  of  chert  occur 
at  intervals  of  from  two  to   four  feet.     Seven   of 

these  were  each  about  five  inches  in  thickness 30 

2.  Buff-brown,  dolomitic  limestone  of  fine-grained 
texture,  with  many  bands  of  chert,  also  scattered 
nodules  of  chert.  The  chert  is  most  abundant 
below.  Some  of  the  chert  bands  have  a  thickness 
of  one  foot.  These  thicker  bands  occur  above 
and  the  thinner  lie  below.  Thirteen  bands  in  all 
were  counted.  The  lowermost,  of  which  some 
were  no  more  than  an  inch  in  thickness,  lie  close 

together •  : 25 

1.     Blue  shale  (Maquoketa) 15 

Washington. — The  bed  rock  is  mostly  concealed  in  this  region, 
and  there  are  no  extensive  outcrops.  At  two  points  the  usual 
kind  of  limestone  was  noted.  One  of  these  was  in  the  north- 
east J  of  section  19,  near  John  Tray's  place,  where  the  rock 
comes  to  the  surface  on  a  hillside  in  the  wagon  road;  and  the 
other  was  on  Cherry  creek  near  the  center  of  section  36. 

Waterford. — In  the  north  part  of  this  township,  along  Sugar 
creek  and  its  tributaries,  there  are  several  exposures  of 
the  usual  dolomitic  limestone,  and  there  are  also  some 
outcrops  along  the  minor  streams  on  the  uplands.  The 
rock  is  mostly  free  from  chert,  and  resembles  that  com- 
monly found  in  Lincoln  township.  Some  appears  in 
the  railroad  cuts  near  Riggs  post  office.  In  the  south  part  of 
the  township  the  drift  is  heavier  and  the  bed  rock  is  more  gen- 
erally concealed.  There  is  a  small  quarry  one-half  mile  east  of 
Quigley  post  office  in  section  30,  and  another  near  Charlotte.- 
At  the  latter  place  about  twenty  feet  of  rock  are  seen.  The 
upper  five  feet  is  a  coarse-grained,  yellow  rock,  and  the  lower 
fifteen  feet  consists  of  an  almost  brown,  porous  and  disinteg- 
rated limestone  carrying  Pentamerus  oblongus,  Halysites  catenu- 
lata^ Syringopora  verticellata,  a  Favosites,  and  a  Zaphrentis. 

26 
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Welton, — Most  of  the  exposures  in  this  township  are  to  be 
seen  along  Silver  creek.  In  the  southeast  \  of  section  26,  the 
drift  is  very  thin  and  the  bed  rock  occasionally  crops  out  at 
the  surface  of  the  low  uplands.  Near  the  center  of  section  22, 
a  bank  of  soft  and  porous  limestone,  about  ten  feet  high,  is  ex- 
posed in  the  base  of  the  east  bluffs  of  Silver  creek.  The  rock 
exhibits  no  bedding  planes,  and  it  has  the  appearance  of  hav- 
ing been  somewhat  crushed  and  disturbed.  Fossils  are  numer- 
ous but  many  are  distorted  into  almost  unrecognizable  shapes 
The  following  fossils,  or  forms  like  them,  were  noted: 

A  try  pa  reticularis  (?)  Lin. 
SpiriUr  niagarensis  Conrad . 
Platy stoma  niagarensis  HaU. 
Orthis  hybrida  (?)  Sowerby. 
Rhynchotreta  cuneata  americana  Hall. 
Streptelasma  patula  Rominger. 
Favosites  niagarensis  Hall. 
Siphonocrinus  armosus  McChesney. 
Saccocrinus  christyi  Hall. 
Ichthyocrinus  laevis  Conrad. 
Orthoceras,  sp. 
Zaphrentis.  sp. 

DIVISIONS  OP  THE  NIAGARA. 

The  limestone  of  the  Niagara  series  has  been  separated  into 
several  subdivisions  by  different  authors.  The  stages  recog- 
nized by  the  present  survey  are,  taken  in  ascending  order,  the 
Delaware,  the  Gower  and  the  Bertram.  Of  these  the  Delaware, 
and  probably  the  Gower,  are  represented  in  exposures  in  this 
county.     The  Delaware  is  by  far  the  most  common. 

Prof.  A.  G.  Wilson*  has  separated  the  Xiao:ara  into  five 
subdivisions,  as  follows: 

(1)  The  hdsal  nienthcr,  directly  overlyinj^  the  Maquoketa 
shale.  This  ran^^^es  in  thickness  from  thirty  to  fifty  feet  and 
contains  the  *' Lower  Quarr\  Beds"  of  the  Delaware  and  Dubu- 
que county  reports.  (2)  The  lower  coralline  beih,  with  a  thick- 
ness of  from  twenty  to  twenty-tive  feet,  the  ''  Syringopora 
tenella  beds"  of  Calvin.  (3)  The  Pentamerus  beds,  from  seventy 
to  eighty   feet  in  thickness.  (4)  The  upper  coralline  beds,  some 
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fifty  feet  in  thickness.  (5)  The  Niagara  building  stones, 
also  about  fifty  feet  in  thickness.  In  his  report  of  Jones 
county,  Calvin  correlates  the  four  lower  divisions  of  Wilson 
with  the  Delaware.*  In  the  report  on  Dubuque  county,  Iowa 
Geological  Survey,  Vol.  X,  Calvin  and  Bain  give  the  results  of 
later  studies  of  the  rocks  of  the  Delaware  stage. 

From  the  present  study  of  the  outcrops  in  Clinton  county  it 
does  not  seem  practicable  to  apply  Professor  Wilson's  classifica- 
tion to  this  region,  except  as  to  the  basal  member.  The  lower 
fifty  feet  or  more  of  the  Niagara  is  here  characterized  by  the 
occurrence  of  gray  chert  and  by  a  comparative  scarcity  of  fos- 
sils. The  rock  belonging  to  this  horizon  is  exposed  best  in  the 
bluffs  of  the  Mississippi  river  north  from  Clinton,  and  all  the 
way  up  to  Jackson  county.  It  is  also  seen  at  some  scattered 
places  westward.  But  the  succession  of  the  two  coralline  beds 
and  the  intervening  Pentamerus  beds  could  not  be  made  out. 
In  fact  it  appears  likely  that  these  phases  of  the  Niagara  may 
here  replace  each  other  horizontally.  Most  of  the  exposures, 
especially  in  the  western,  the  central  and  the  southern  town- 
ships, belong  in  the  upper  part  of  the  Delaware  stage.  There 
are  also  some  ledges  which  partake  of  the  appearance  of  the 
LeClaire  limestone,  sometimes  exhibiting  slightly  oblique  bed- 
ding. In  a  quarry  in  section  15,  Sharon  township,  a  rock  is 
worked  that  in  every  way  resembles  the  Auamosa  limestone. 
As  it  lies  in  a  line  with  the  Anamosa  outcrops  observed  by 
Calvin  in  Jones  county,  it  is  perhaps  the  eastermost  instance 
of  this  phase  of  the  Niagara  known  in  the  state.  As  no  ledges 
of  the  tyi)i(Ml  LeClaire  limestone  are  known  in  the  county  sur- 
rounding this  quarry,  we  may  suppose  that  the  LeClaire  horizon 
loses  its  characteristic  features  as  we  follow  it  northwestward 
and  be(*omes  indistinguishable  from  the  coralline  and  the  Pen- 
tamerus  horizon.  The  hi;i:lily  pitched,  ol)li(iue  bedding  noted 
in  Scott  countv  is  not  known  anywhere  in  Clinton  county.  But 
the  coralline  beds  and  the  Pentamerus  ledges  are  sometimes 
tilted,  the  highest  inclination  seen  being  about  twelve  degrees 
from  the  horizontal. 


•  Iowa  Geological  Survey,  Vol.  V   p.  4^. 
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THICKNESS  OF  THE  NIAQABA. 

The  surface  of  the  bed  rock  apparently  keeps  pace  with  the 
dip  of  the  terranes  to  the  south,  and  the  general  thickness  of 
the  Niagara  at  the  north  boundary  of  the  county  probably  does 
not  fall  much  short  of  that  along  the  Wapsipinicon  river  to  the 
south.  In  an  east  and  west  direction  there  is  a  greater  differ- 
ence. In  Elk  River  township  the  Mississippi  river  bluffs  show 
nearly  one  hundred  and  fifty  feet  of  rock,  and  at  Clinton  the 
limestone  extends  120  feet  below  the  bottom  land.  At  DeWitt 
a  well  made  for  the  Chicago  &  Northwestern  railroad  went 
into  the  Maquoketa  shale  after  penetrating  220  feet  of  lime- 
stone. On  section  1,  in  Brookfield  township,  the  Maquoketa 
shale  was  entered  160  feet  below  the  upper  surface  of  the  over- 
lying limestone.  Apparently  the  greatest  thickness  of  the 
Niagara  formation  is  in  Sharon  and  Spring  Rock  townships, 
and  it  may  here  average  nearly  three  hundred  feet.  The 
formation  gradually  thins  to  about  one-half  that  measure  when 
followed  to  the  east  near  the  Mississippi,  as  already  shown. 


The  Carboniferous  System. 

THE  DES  MOINES  STAGE. 

After  the  deposition  of  the  Niagara  limestone  and  of  some 
later  sediments  of  the  Devonian  age,  which  latter  in  all  proba- 
bility once  covered  the  upper  Silurian  in  this  region,  the  bottom 
of  the  sea  was  elevated  and  became  land,  which  was  for  some  con- 
siderable time  subjected  to  general  erosion.  The  elevation  was 
greatest  to  the  north,  and  it  left  the  terranes  with  a  slight  dip 
to  the  south.  Near  the  middle  of  the  Carboniferous  period  this 
land  was  again  submerged  and  covered  by  a  new  series  of  sedi- 
ments. This  submergence  was  greatest  to  the  south,  but  it  is 
quite  clear  that  it  extended  north  beyond  the  limits  of  this 
county,  for  Carboniferous  sediments  are  known  even  in  Jackson 
county.  However,  nearly  all  of  the  Carboniferous  deposits  have 
been  carried  away  by  later  erosion,  and  there  remain  only  a 
few  outliers  of  the  very  base  of  the  rocks  of  this  age,  and  oc- 
casional pockets  of  clay  and  sand  that   fill  caverns  in  the 
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Niagara  limestone.  In  his  paper  on  the  Pleistocene  History  of 
Northeastern  Iowa,  McGee"^  has  mapped  a  small  outlier  of  the 
Coal  Measures  on  sections  7  and  18  in  Sharon  township.  The 
present  writer  was  unable  to  locate  any  such  outcrop  near  that 
point,  but  several  blocks  of  Coal  Measure  sandstone  were  found 
close  together  in  the  base  of  the  drift,  near  a  ravine  about  one 
mile  farther  to  the  east.  There  is  no  doubt  an  outlier  of  this 
rock  lies  hidden  somewhere  on  these  two  sections.  The  sand- 
stone was  rather  fine-grained. 

Near  the  center  of  section  2,  in  Bloomfield  township,  there 
appear  on  the  west  side  of  the  wagon  road  running  north  and 
south,  and  in  the  base  of  the  south  blufiF  of  Sugar  creek,  a  thin 
ledge  of  white  sandstone  and  some  shale.  The  sandstone  is 
dark  and  ferruginous  in  some  places.  Some  blocks  of  the  same 
sandstone  were  noted  in  the  east  side  of  the  road,  close  to  an 
outcrop  of  a  highly  ferruginous  dolomite  of  the  Niagara  series. 
The  sandstone  on  the  west  side  of  the  road  lies  some  ten  feet 
lower  down  than  this  limestone,  and  this  is  evidently  due  to  the 
unconformity  between  the  two  formations. 

About  one-third  of  a  mile  east  of  the  northwest  corner  of 
section  1  in  the  same  township,  the  east  and  west  wagon  road 
crosses  a  small  ravine  in  the  east  bank  of  which  a  sandstone  is 
exposed  which  measures  at  least  fifteen  feet  in  thickness.  This 
sandstone  is  rather  coarse  in  texture,  of  a  faintly  yellowish- 
white  color,  and  exhibits  some  oblique  bedding  in  straight 
ledges  which  are  mostly  about  one  foot  in  thickness.  A  few 
acres  of  land  appear  to  be  underlain  by  this  rock,  and  it  extends 
across  the  line  into  Jackson  county  to  the  north:  it  evidently 
belongs  to  the  Coal  Measures. 

In  bis  paper  on  the  "'Carboniferous  Deposits  of  Eastern  Iowa." 
Keyes'l'  makes  mention  of  a  small  outcrop  of  Carboniferous 
rock  "on  a  small  branch  of  Deep  creek,  in  the  north-central 
part  of  the  county,  near  Charlotte."  This  locality  was  not 
found  by  the  present  writer,  but  no  doubt  exists  as  to  its  pres- 
ence. Fragments  of  Coal  Measure  sandstone  are  frequently 
seen  in  the  drift  in  the  north  tier  of  townships  west  of  the 
Goose  Lake  channel. 


•  nth  Aanal  Report  U.  a  Geol.  Sorr..  Pkrt  1,  p.  3(K. 
^lovmGcol.  Sorr..  VoL  lU  p-  *». 
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One  undoubted  outlier  of  the  Carboniferous  wbs  explored  in 
a  well  on  section  33  in  Welton  township.  This  well  was  made 
by  Mr.  J.  J.  Dickman,  at  a  point  about  one-third  of  a  mile 
south  of  the  northwest  corner  of  the  section.  The  materials 
penetrated  were  as  follows: 


6.  Yellow  clay 30 

5.  Blue  clay 20 

4.  Quicksand 20 

3.  Slate,  with  seams  of  coal  in  the  lower  part 17 

2.  Whitesand 12 

1.  Yellow  limestone 4 

Number  1  was  without  doubt  the  Niagara  limestone.  Num- 
ber 2  appears  to  have  been  a  disintegrated,  soft  sandstone  of 
the  Coal  Measures,  which  changed  upward  into  a  shale  that 
contained  thin  seams  of  bituminous  coal. 

As  deposits  of  the  Carboniferous  age  we  must  also  classify 
certain  clays,  silts,  and  sands  which  have  been  noted  in  caverns 
in  the  Niagara  limestone,  especially  in  the  quarries  at  Clinton. 

Some  of  these  have  already  been  noted  in  the  descriptions  of 
these  quarrifts,  and  other  instances  have  been  reported  and 
described  by  Dr.  J.  P.  Farnsworth  *  and  James  Hall.f  The 
latter,  who  was  quite  familiar  with  the  geology  of  this  entire 
region,  referred  these  clays  to  the  Carboniferous,  and  this  view 
is  unhesitatingly  concurred  in  by  the  present  writer.  Pockets 
of  this  kind  are  frequent  in  the  older  limestones  in  Scott  and 
Muscatine  counties.  They  quite  often  contain  imprints  of 
leaves  of  Carboniferous  ferns,  and  the  clay  is  often  mixed  with 
carbonaceous  material  such  as  has  been  noted  in  the  clays  at 
Clinton. 

From  the  nature  of  the  scattered  remnants  of  the  deposits 
of  the  Carboniferous  age  in  this  region  it  appears  that  the 
geographic  conditions  were  quite  uniform.  The  deposits  are 
such  as  would  result  from  sedimentation  along  a  low  coast. 
There  are  no  conglomerates,  but  mainly  shales  of  the  finest 
texture,  and  sandstones.  There  can  be  no  doubt,  as  already 
stated,  that  the  Coal  Measures  once  covered  the  entire  county, 


•  American  Geologist,  Vol.  II,  pp.  831-334,  Fire  Clay  Pockets  at  Clinton. 
+  Geological  Survey  of  Iowa,  Vol.  I,  parti,  pp.  130-131,  1858. 
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and  extended  a  considerable  distance  beyond  its  northern 
boundary.  All  of  the  outcrops  belong  to  the  Des  Moines 
stage. 

EROSION  INTERVAL— THE  GEEST. 

After  the  Carboniferous  had.  been  deposited,  the  sea  once 
more  receded,  and  the  land  was  slowly  raised  and  tilted  again  a 
little  more  to  the  south.  During  the  greater  portion  of  the 
Mesozoic  era  and  the  Tertiary  period  which  followed,  this  land 
was  subjected  to  erosion  which  no  doubt  resulted  in  the  re- 
moval of  several  hundred  feet  of  rocks,  of  the  previous  age, 
and  which  left  the  surface  of  the  bed  rock  essentially  in  the  con- 
dition in  which  we  now  find  it  under  the  drift,  athough  the 
occurrence  of  the  Cretaceous  deposits  farther  to  the  west  and 
to  the  north  indicate  the  very  remote  possibility  of  a  temporary 
submergence  in  Cretaceous  times.  The  topography  of  this  old 
land  probably  had  quite  as  high  relief  as  does  the  present  land 
surface.  The  altitudes  reached  by  the  bed  rock  are  known  to 
range  from  four  hundred  and  fifty  to  seven  hundred  and  seventy 
feet  above  sea  level,  giving  a  relief  of  about  three  hundred  feet. 
But  it  is  clear  that  this  does  not  represent  the  extreme  relief 
of  the  buried  land  surface.  The  general  slope  of  this  old  sur- 
face was  like  that  of  the  present  land;  from  the  northwest  to 
the  southeast,  descending  from  an  average  elevation  of  some 
seven  hundred  feet,  in  Sharon  and  Brookfield  townships,  to 
about  five  hundred  and  seventy-five  feet  in  Eden  and  Camanche 
townships.  The  old  land  surface  must  have  been  quite  broken 
and  rough,  for  the  elevations  at  which  the  bed  rock  is  encountered 
in  wells  frequently  varies  greatly  in  short  distances. 

The  superficial  residual  deposits  from  this  erosion  interval — 
called  '*geest''  by  McGee — has  not  always  been  removed  hut  may 
sometimes  be  seen  under  the  drift,  resting  on  the  bed  rock. 
The  old  geest  mantle,  which  resulted  from  weatherinjj^  and 
decay  of  the  Carboniferous  and  Silurian  sediments,  is  usually 
a  tough,  highly  ferruginous  and  red  clay,  in  which  pebbles  of 
quartz  and  chert  are  imbedded,  and  also  small  nodules  of  oxide 
of  iron.  The  greatest  thickness  seen  in  this  county  does  not 
exceed  four  feet.    While  it  is  chiefly  a  residual  product,  resulting 
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from  the  decay  of  the  local  rocks,  it  may  be  mixed  more  or  les^s 
with  materials  washed  from  higher  slopes  by  the  ancient  drain- 
age. The  principal  localities  where  it  has  been  noted  are  given 
below:  Henry  Kiel's  quarry  on  the  southeast  J  of  section  26 
in  Sharon  township;  Anthony  Ale's  quarry  in  the  southeast  J 
of  the  northeast  J  of  section  15  in  Sharon  township;  on  a  slope 
near  the  northeast  corner  of  section  30  in  Spring  Valley  town- 
ship; and  in  Peter  Gypsum's  quarry  in  the  city  of  Clinton.  No 
doubt  the  geest  is  exposed  also  in  many  other  localities  in  the 
north  part  of  the  county.  In  many  of  the  deeper  wells  which 
have  been  made,  a  "red  clay"  has  been  reported  a  few  feet 
thick,  directly  overlying  the  limestone.  This  no  doubt  also  is 
the  "geest."  In  other  wells  gravel  and  sand  replace  the  clay  and 
probably  represent  deposits  contemporaneous  with  the  "red 
clay."  A  number  of  records  of  the  materials  explored  in  such 
wells  are  given  in  the  table  below.  This  table  likewise  con- 
tains data  on  the  elevation  of  the  surface  of  the  bed  rock  in  the 
different  townships,  and  on  the  nature  of  the  drift  deposits: 


TABLB  OF  WELL  RBCORDd. 


Berlin  Township. 


8 


1 

1 

p 

LOOATION. 

SITUATIOH. 

o3«d 
4 

t 

MATSBIAIA  BZPLOBID. 

BloTatlon  of 
bedrock. 

1 

Pat  Connors. 
8.  yi  Sec.  7. 

High  up- 
land. 

780 

172 

Sandj  soil  80.  bine  olaj  20,  sand  120, 
limestone  2. 

610 

2 

Bowman  Bros. 
Sec  27. 

Upland. 

720 

122 

Loess  2,  qnioksand  100,  limestone 
10. 

618 

Dangherty  Estate. 
Sec.  4. 


High  up- 
land. 


820 


176 


Yellow  claj  80,  bine  clajfiO,  lime- 
stone 96. 


740 


Wm.  Rock. 

N.  B.  ^'4,  Sec.  28. 


Upland. 


720 


lao 


Yellow  claj  26,  blue  clay  60,  lime* 
dtone  45. 


6 

Wm.  Betts. 
S.  £.  H  Sec.  38 

Upland. 

720 

70 

SandjBoilSO,  limestone  40. 

660 

6 

Marr  Hassett. 
S.  W.  ^Sec.  2. 

High  up- 
land. 

780 

129 

Yellow  clay  80,  blue  clay  96,  gravel 
4. 

681 

7 

A.  Gallawaj. 
Sec.  8. 

High  up- 
land. 

840 

826 

Black  soil  8,  yellow  clay  80,  bine 
clay  288.  red  ciay  8,  limestone  2. 

616 

WELL   BSOOBDS. 
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Berlin  TownMhip^CanHnued. 


• 

i 

55 

LOOATIOH. 

SITUATION. 

Blevatlon  of 
curb  (eeti- 
mated) 

• 

MATBBIALfl  EXPLOBXD. 

Elevation  of 
bedrock. 

8 

John  Foedl. 
Sec.  24. 

Upland. 

740 

80 

Black  soil  2,  /ellow  clay  10,  blue 
day  00,  sand  2,  limestone  2. 

656 

9 

Peter  Peterson. 
Sec.  18.  8.  B.  H- 

High  up- 
land. 

780 

810 

Black  soil  8,  yellow  clay  with  sand 
40,   blue  clay  80.    quicksand  16, 
blue  clay  110,  limestone  6. 

675 

in 

Kohler  Bros. 

Sec.  86,  center  8.  ^. 

Highnp. 
land. 

780 

180 

Black  soil  2,  sandr,  jellow  clay  80, 
blue  clay  40,  sand  10,  blue  clay  06, 
gravel  2. 

580 

11 

J.  M.  Wolfe. 
Sec.  8dk  8.  B.  cor. 

Upland. 

740 

8b 

Black  soil  8,  yellow  clay  10,  sand  2, 
blue  clay  80,  limestone  40. 

601 

12 

J.  B.  Wolfe. 
Sec.  8,  N.  W.  cor. 

High  up- 
land. 

780 

160 

Black  soil  4,  black  Kombo  40,  blue 
clay  100,  sand  10,  limestone  15. 

606 

18 

H.  Schocker. 

See.  8,  8.  B.  cor. 8.  H. 

High  up. 
land. 

800 

117 

Black  soil  2,  hard  pan  with  coarse 
gravel  20,  blue  elay  88,  limestone 

688 

14 

P.  Twogood. 
Sec.  20.  N.  B.  ^.  8.  B. 
cor. 

Upland. 

740 

100 

Black  soil  2,   yellow  clay  80,  blue 
clay  67,  limestone  1. 

641 

15 

M.  J.  Pinter. 

Sec.  12,  8.B.  cor.  8  H- 

High  up- 
land. 

840 

262 

Black  soil  2,   yellow  clay  80,  blue 
c^y  100,  limeatone  20. 

608 

Blo<ymJleld  TowrUhip, 


16 

Jerry  Dennis. 

Sec.81,  8.  HofN.W.K 

Upland. 

740 

170 

Black  soil  2,  yellow  clay  40,  blue 
clay  80,  limestone  08. 

668 

17 

E.  A.  Fitch. 
Sec.  82,  N.  W.  y^. 

Upland. 

745 

175 

AUavium  2.  yellow  clay .25,  quick- 
sand 144,  limestone  4. 

574 

18 

Marvin  Fenton. 
Sec.  19. 

Bluffs. 

800 

150 

Yellow  clay  80,  blue  clay  00,  lime- 
stone 20. 

670 

19 

Alex  Narrin. 
Sec.  29. 

High  bluff. 

840 

172 

Black  soil  2.  yellow  clay  80,  blue 
clay  90.  limestone  50. 

718 

410 
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Brookjleld  Townthip, 


1                                  .«»«•. 

mm 

cz: 

c  •; 

• 

cg^ 

c  0 

.0 

S 

0 

LOCATION. 

Situation. 

levatlo 
curb  ( 
mated 

• 

a 

9 

MATKRIAL8  XXPLORKD. 

c  0 
9^ 

^ 

^ 

Q 

H 

20 


21 


22 


Doctor  McEinze. 
Ehvood. 


George  Tesky, 
Klwood. 


W.  Wel)8ter. 
Zlwood. 


Upland. 


736 


Upland. 


V.iQ 


72 


Upland. 


VM 


87 


AUnviam  6.  yellow  joint  olay  20, 
graVi'l  and  saud  8,  hard,  black 
flay  15.  blue  qaicksand,  verx 
fine  15.  black  hardpan,  4  grnvel 
8,  Ume.-'tone  2. 


AUtivium  7»  blue  clay  25,  black 
hardpan  I'O,  sandy  coarse  gravel 
1-20,  limt»tone  5. 


666 


664 


Allnvinm  5,  y«llow  clay  20,  blue 
clay  25,  black  clay  20,  gravel  lU, 
limestone  7. 


656 


23 


G«'0.  Benton, 
El  wood. 


Upland. 


736 


Alluvium    2,  yellow  clay   10,    blue     701 
clay  20,  limestone  40. 


24 


H.    G.    Scott. 

^t'c.  2;'),  S.  E  cor .S.  E.  J^. 


Upland. 


740 


110 


Alluvium  2,  yellow  clay  16-20,  blue 
clay  30,  lime.<ttone  68. 


688 


25  '  M.  P.  Eroozgaard. 
Sec.36,N.E.cor.N.E.i4, 


Upland. 


740 


Alluvium  2,    yellow   clay   27,    red 
clay  3,  limeMioue  8S. 


ros 


2(5 


H.  P.  Chrintenson. 
Sec.30.8.E.cor.8.E.  ^i. 


High  up 

laud. 


82J 


450 


Alluvium  2,  yellow  clay  80,  blue 
clay  -100,  then  a  bowlder  of  Iron 
pyrites  7,  blue  clay  11. 


27 


John  Wirthf*. 
Sec.  29,  8.  W.  K- 


Upland 


820 


G13 


First  100  feet  unknown,  blue  clay 
lOd  sftud  t>0.  blue  clay  800.  jrravel 
and  blue  clay  50,  limestone  3. 


310 


23 

Hans  Chri.Mtenf>on. 
hec.  30,  8.  E.  U' 

Upland. 

8.0 

501 

Black  Hoil  4,    yellow  clay  35,  blue 
clay  IM,    river  sand  25.  blaeclay 
lOu,  boapstone  100,  blue  shale  lui. 

29 

Wm.    Pitch. 
See.  1,  8.  W.  K- 

Bluflf. 

ThO 

412 

• 

Yell'»\v  olav  10,    limP'«rone  M».  blue 
shale  2twt.  |f ray  limestone  15,  black 
fc-ofr   s-h.il"  b,    gray   brat. -.tone    to 
bult<*iu  18. 

770 

30 

J.    Toskey. 
8ec.28,N.i2  ofN,E.»4. 

BaRe      of 

bluff. 

800 

3iy 

Blark  soil  2,  yellow  clay  contain- 
in  f»  bowlders   35,    blue  clay  lOO, 
qi.ick-and  115,  blue  clay  75,  coarse 
gravel  2. 

471 

81 
32 

0.  Ketolsen. 
Sec.  84. 

Bluff. 

k40 

150 

Black  soil  2.  yellow  clay  85,   blue 
clay  100,  limestone  .18. 

709 

J    W.  Whitsell. 
S(Hj.  9. 

Upland. 

740 

2n 

Black  soil  2,  yellow  clay  40,  bine 
clay  215,  limestone  20. 

4^3 

WKLL   KECORDS. 
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Brookfleld  Township— Continued. 


B 

LOCATION. 

SITUATION. 

®  o  B 

a 

Depth. 

MATNtlAUt  EXPLORED. 

Elevation  of 
bedrock. 

1 

33 

J.  A.  Andenion. 
Sec.  14,  8.  W.  j^. 

High  upland 

8S0 

816 

Black  soil  8,  yellow  clay  80.  blue 
daj  190,  quicksand  72,  limestone 

8a 

623 

84 

H.  0.  Atzen. 
Sec.  86. 

HlghnpUnd 

880 

188 

Black  soil  8.  yellow  rlay  40,  blue 
clay  100,  limestone  40. 

677 

36 

J.  D.  Llmbaoch. 
8eo.  88. 

Highnpland 

820 

218 

Black  soil  2,  yellow  clay  45,  blue 
clay  161.  limestone  10. 

618 

Center  ToumBhip, 


86 

Elvira  City  Well. 

Upland. 

710 

118 

Alluvium  6,  yellow  clar  with  sandy 
streaks  60,   sandy  blue  clay   60, 
sand  8. 

87 

Tom  McQulre. 
Sec.  81.  8.  B.  cor. 
a  W.  H. 

Upland. 

716 

108 

Alluvium  4,  yellow  clay  20,  sand  60, 
yellow  limestone  8,  red  gravelly 
sand  20. 

8S 

Tom  MoQnlre. 
Sec.  81,  8.  B.  cor. 
8.  W.  H. 

Upland. 

715 

110 

Alluvium  4.   yellow  clay  80,   blue 
clay  26,  rook  10,  red  gravelly  sand 
6. 

DeWiU  Township, 


89 

H.  B.  Viokery. 

See.  88,  8.  W.  K  of  N. 

B.K. 

Upland. 

720 

47 

Sandy  soil  7,  yellow  limestone  40. 

7.3 

40 

W.  B.  McKinney  &  Co. 
Be'-.   12,  N.   B.  cor.  of 

N.  E.  }i. 

Upland. 

720 

60 

Yellow  clay  12,  sand  20.  limestone  5, 
blue  clay  with  Hand  23. 

41 

Alex.  Works. 

Sec.  19.N.E.J4  8.  W.U 

Bottom 
land. 

660 

26 

Alluvium  3,  gravel  28. 

43 

DeWitt.  C.  &  N.  W. 
R.  R.  Depot. 

Low  upland 

687 

367 

1 

Soil  and  sand   40,    limestone  220, 
fehale?.                                                  .     (>47 

1 

Eden  Township. 


43 

C.  Van  Bpps. 
Sec.  8,  N.  W.  U- 

Terrace. 

640 

• 

620 

172 

Sand  40,  blue  clay  180,  gravel  'J. 

44 

B.  B.  Wllke«>. 
Tolletts  P.  0. 

Terrace. 

51 

Black  clay  2,  sandy  soil  85,   yellow 
limestone  14. 

58:{ 
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Liberty  Toumthip. 


i 

8 
p 

LOCATION. 

BITUATIOF. 

Elevation  of 
onrb  (esti- 
mated). 

1 

MATEBIALA  SXPLOBXD. 

Elevation  of 
bed  rook. 

46 

M.  Yale 

StNS.  21,  K.  B.  oor.  N. 

•••          ••••••••• 

•         •  •  • 

Allnvlam  6,  yellow  claj  28,  yellow 
limestone  80,  fine-grained  lime- 
stone 20,  flinty  limestone  20,  soft, 
yellow  limestone  12. 

46 

P.  J.  Qnade. 

Sec.  18,8.^  N.  W.K. 

Upland. 

740 

60 

AUnviam  4,    blue  day  80,  black 
hardpan  16,  blue  clay  4.  a  large 
bowlder  of  lead  nnder  which  was 
bine  day  8. 

680 

47 

M.  Yale. 

Bee.  17,  8.  E.  H- 

Upland. 

700 

107 

Sand  40,  limestone  67. 

640 

48 

Ed.  Hart. 

Seo.  84.  N.  B.  ^. 

Upland. 

700 

48 

Sand  8,  limestone  46. 

697 

49 

E.  Kloldt. 
Seo.  4. 

Upland. 

720 

100 

Black  soil  2,  ydlow  day  80,  sand 
and  yellow  clay  68,  limestone  6. 

626 

60 

LTt'- 

Upland. 

700 

100 

Sand  70,  limestone  80. 

680 

61 

Peter  Kulp. 
Seo.  6. 

Upland. 

• 

740 

80 

Black  soil  2,  yellow  clay  86,  blue 
clay  80,  limestone  18. 

678 

63 

T.  Hontman. 
Seo.  27. 

WapBlpln- 
loon  river. 

70) 

176 

Black  soil  2,  yellow  day  85,  bine 
clay  118,  limetitooe  20. 

645 

63 

J.  E.  Wolfe. 
Sec.  14,  8.  B.  H- 

Wapaipln- 
loon  river. 

700 

140 

Sand  110.  limestone  Sa 

600 

64 

Oreamerv. 
Seo.  14,  8.  E.  K. 

Upland. 

720 

140 

Sand  120.  limestone  20, 

eoo 

Olive  Townthip, 


55 

A.  Tnmpani. 

Sec.  11,  8.  B.  ^,  8.  H- 

Upland. 

700 

65 

Sandy  soil  8,  yellow  clay  46,   soft, 
porous  limestone  7 . 

662 

60 

0.  F.  Ladwigson. 
Sec.  20. 

Upland. 

7tO 

230 

Sandy  soil  100.  blue  clay  20,  sand 
108,  lime8tone2 

472 

j7 

N.  0.  Olson. 
Sec.  20. 

Upland. 

700 

176 

Limestone  at  176. 

625 

5d 

Brace  Walker. 
Calamus. 

Upland. 

700 

187 

Black  80II  2,  yellow  clay  20,  blue 
clay  98,  llme<>tone  17. 

600 

69 

C.  Reming. 
Sec.  8. 

Upland. 

720 

117 

Black  soil  2,  sand  100.  limestone  16. 

018 

WELL  BEOOBDS. 
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Orange  Township. 


• 

•u 

1 

2i 

IX>GATI01!7. 

BITUATION. 

Blevation  of 
carb  (eeti- 
mated. ) 

• 

MATERIAU  KZPLOBBD. 

Blevation  of 
bed  rock. 

60 

Grand  Mound. 
Oltj  Waterworks. 

Upland. 

700 

88 

Allnvinm  1,   gravel  40,   llmestope 
47. 

669 

61 

0.  Monte 
Sec.  19. 

Upland. 

680 

60 

Sand  60. 

62 

P  Peterson. 
Qrand  Mound. 

Upland. 

700 

67 

Sand  46,  red  clay  2,  gravel  20. 

Sharon  Townthip. 


68 

C.  M.  &St.  P.  R.  R. 

Station. 

Lost  Nation. 

Upland. 

744 

96 

Alluvium  7,  yellow  joint  clay  40, 
yellow  limestone  becoming  harder 
and  lighter  in  color  at  bottom,  also 
flinty  at  bottom  48. 

697 

64 

P.  Ahrens. 

See.  lO.B-Hof  N.B.K. 

Upland. 

800 

188 

Alluvium  2-8,  yellow  clay  80,  blue 
clay  60,  limestone  100. 

717 

66 

Ohas.  W.  Ckinutook. 
Lost  Nation. 

Upland. 

760 

78 

Alluvium  2,  yellow  clay  10,  blue 
clay  20,  red  clay  2,  limestone  40. 

726 

66 

H   Dickman,  Sec.  9, 
8.  B.  oor.  S.  B.  H, 

Upland. 

800 

180 

Alluvium  2,  yellow  clay  80,  blue 
clay  100,  limestone  8. 

768 

07 

Mrs.  H.  Lockmer. 
Seo.  17. 

High  bluir. 

840 

210 

Black  soil  2,  yellow  clay  20,  blue 
clay  78,  limestone  lUO,  about  60 
feet  down   in   this   limestone  a 
pocket  containing  blue  muck  was 
encountered  2-8. 

780 

68 

Henry  Oiokman. 
Lost  Nation. 

Upland. 

740 

89 

Black  soil  2,  yellow  clay  80,  blue 
clay  86,  limestone  20. 

670 

69 

W.  Jaronsen. 
Lost  Nation. 

Upland. 

740 

186 
187 

Black  soil  8,  yellow  clay  80.   blue 
clay  97,  limestone  6. 

610 

70 

J.  Q.  Gku'dner. 
Seo.  84.  N.  E.  H  N. 

Greek  bot- 
tom. 

700 

Black  soil  4,  yellow  clay  4,  very  fine 
sand  126,  coarse  gravel  8. 

71 

Jerry  Mnlverhlll.  Sec 
6,   S.  B.  14. 

High  bluff. 

840 

140 

Black  soil  2,  yellow  clay  86,   bine 
clay  86,  limestone  68. 

768 

72 

Wm.  Tinnefeld. 

Seo.  16.  S.  H  N.  W.  li. 

Upland. 

780 

740 
900 

187 

140 
140 

Black  soil  2,  yellow  clay  80,   blue 
clay  86,  limestoiie66,  chert  (hard, 
while  marble)  16. 

718 

78 

Mrs.  P.  Pitch.  Sec.  81, 
S.  W.  cor.  S.  W.  14. 

Upland. 

Sand,  fine  red  80,  limeetone  60. 

660 

74 

Wm.  Knehen. 
See.  1,  N.  W.  34. 

High  bluff. 

Yellow  clay  40,   yellow  sand  100, 
gravel  at  bottom. 
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Spring  Rock  Tovmthip. 


• 

i 

LOOATIOH. 

SITUATION, 

Bieyation  of 
curb  (esti- 
mated). 

1 

MATMBJAIS  BXPLOBSD. 

So 
c  5 

V 

ea 

76 

Fred  Benk'ii  brlokyard, 
Wheatland. 

Upland. 

700 

87 

AUuTlam  8,   yellow  day  16,  blue 
day,  some  places  white  48. 

76 

Wheatland  City  Water- 
works. 

Upland. 

700 

171 

AlluTlam  6,  yellow  day  48,   bine 
elay  99,  limestone  4, yellow  hard- 
pan  and  limestone  alternating  60, 
white,  flinty  limestone  80. 

618 

77 

Louis  HomrighauKen. 
See.  28,  8.  B  K  of  N. 
B.  H- 

Blnffs. 

800 

287 

Allnvinm  80.  qnieksand    20.  blue 
day  86,  limestone  60. 

6i5 

78 

Knndt  Jergenson. 
Sec.  26,  N.  B.  eor.  N. 

WapHlpini- 
con  bottom 

246 

Biver  sand  60.  bine  clay  80.  black, 
hard  day  40,  blue  shals  40,  lime- 
stone 0. 

2 

79 

City    school     well. 
Wheatland. 

Uplacd. 

700 

177 

Alinvlal  soil  7,  >  ellow  day  44,  bine 
day    40,     limestone   alternating 
with  yellow  hardpan   60,    lime- 
stone 86. 

619 

80 

M.  Plngel.    Sec.  4, 
8.  W.   H- 

High  bluff. 

800 

180 

Black  soil  1,  sand  120,  hardpan  2. 

81 

D.  Fin  gel. 

Sec.  4,S.W.  >iof  N.H. 

f 

287 

Limestone  at  bottom. 

82 

M.  Hoffman.  Sec.  8, 
N.B.^  InS.W.cor. 

? 

66 

Limestone  at  66. 

88 

Geo.   BncbseL 

Sec.  10.  N.  H  N.W.^i. 

112 

Limestone  22. 

84 

Q.  H.  Lefflngwell. 
Sec.  16,  S.  B.^. 

? 

237 

Limestone  at  bottom. 

85 

J.  Wohllnberg. 
Sec.  S,  N.W.f^lnS.B. 
cor. 

? 

00 

Limestone  20. 

Water  ford  Township 


86 

M.  Oraara. 

Sec.  18. 

Bluff 

840 

140 

Soil  20,  limentone  12u. 

820 

87 

W.  Ward. 

Sec.  7. 

High  bluff. 

880 

iL'vi 

Soil  20,  Umeatone  100. 

860 

WELL  BX00BD8. 
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WaUrford  TowiMhip— Continued. 


• 

1 

LOOATIOir. 

SITUATION. 

OZr-a 

tf  "T  «• 

• 

1 

MATIRTALfl  SXPLORID. 

o  p 

88 

J.  Reife. 
S<iO.  8. 

Bluff. 

7bO 

190 

Yellow  olaj.  liine»>tone  40,  bine, 
maoky  shale  40,  limeBtoneSO. 

7fi0 

89 

Anton  Tar. 
Heo.  8. 

Blnff. 

800 

160 

Yellow  olay  6,  limestone  16i,  abont 
17  feet  down  In  the  limestone  a 
a  large  cavern  was  encountered. 

794 

WeUon  TtiwrMhip, 


90 

L.  A.  Loofboro. 

Sec.  17.  B.B.V£,  8.E.H- 

Upland. 

700 

180 

Yellow  elaj  80,  bine  olay  80.  lime- 
stone 100. 

080 

91 

W.  Bllley. 

Bee  18,  N.  W.  M. 

Upland.* 

700 

180 

Black  soil  S,  jellow  clay  80.  sand  bO, 
limestone  28. 

M8 

92 

P.  H.  Ryan, 
bee.  11,  N.  B.  cor.  N 
B.  ^,R.8E.  T.  8SN. 

Upland. 

780 

186 

Black  soil  8,  yellow  clay  88,  bine 
clay  80,  limestone  40. 

704 

96 

Wm.  Beits. 
BecO. 

Upland. 

860 

140 

Drift  (?)  100,  Umeetone  4a 

700 

The  Pleistocene  System. 

The  long  period  of  erosion  during  which  the  Coal  Measure 
sediments  were  removed,  was  brought  to  an  end  by  the  approach 
of  extensive  ice  fields  from  the  north  in  the  Quaternary  age. 
During  this  age  continental  glaciers  covered  this  entire  region, 
probably  more  than  once,  and  once  or  twice  during  that  time  they 
overran  a  part  of  the  area  of  Clinton  county.  Each  of  these  in- 
cursions deposited  a  sheet  of  drift. 

PRE-KANSAN  STAGE. 

Sub' Af Ionian  or  pre- Kansan  Drift, — The  earliest  drift  which 
is  known  in  this  state  has  been  called  the  sub-Aftonian  or  pre- 
Kansan.  For  descriptions  of  this  drift  the  reader  is  referred  to 
the  reports  on  several  of  the  counties  in  the  south  part  of  the 
state,  where  it  is  best  exposed.  It  is  usually  of  a  dark  color 
and  frequently  contains  fragments  of  coal  and  wood,  and  it  lies 
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under  the  Eansan  bowlder  clay.  Whether  or  not  it  is  found  in 
Clinton  county  must  be  left  an  open  question.  No  character- 
istic outcrops  have  been  observed.  The  thickness  of  the  drift 
along  a  line  running  west-northwest  from  Lyons  suggests  the 
presence  of  a  morainic  belt  along  that  line,  and  from  its  location 
such  a  moraine  can  not  very  well  belong  to  the  Kansan,  since 
the  ridge  does  not  follow  the  margin  of  this  drift.  It  may 
mark  the  course  of  a  moraine  of  an  earlier  drift,*  such  as  th 
sub-Aftonian. 

KANSAN  STAGE. 

The  Kansan  Drift. — In  the  north  part  of   the    county    th( 
surface  of  the  drift  presents  an  old  appearance.    It  has  suffen 
extensive  degradation  by  erosion,  and  the  drainage  lines  hav< 
invaded  the  drift  plain  until  less  than  one-fourth  of  its  origin; 
surface  is  now  intact.    Under  the  loess  which  lies  uppermosl 
there  is  a  yellow  or  gray  till,  or  bowlder  clay,  which  in  all 
respects  resembles  the  Kansan  in  other  parts  of  the  state.    Itf 
upper  surface  is  mostly  leached  and  oxidized  to  a  depth  ol 
several  feet  below  the  base  of  the  overlying  loess.    Its  mosi 
reliable  distinctive  characteristic  for  this  county  is  probabi] 
to  be  found  in  the  nature  of  the   rocks   represented,   in  it 
pebbles  and  larger  erratics.    These  are  the  same  that  charac 
terize  the  Eansan  drift  farther  south.    Dolomite  limestone  i 
less  frequent  than  calcareous  limestone.     Among  the  pebble 
measuring   one-third   of  an  inch  in  diameter  the  latter  oal 
number  the  former  by  nearly  two  to  one.    Among  the  pebble 
and  bowlders  which  are  less  than  one  foot  in  diameter,  diabasi 
greenstone    and  granite   are   present    with   nearly  equal  fw 
quency,  and  together  constitute  from  fifty  to  eighty  per  cei 
of  all  the  erratics   of   this  size.      Among  the  pebbles  whic 
are  less  than  one-half  inch  in  diameter  there  is  usually  fro 
five  to  ten  per  cent  of  an  arenaceous  and  calcareous  rock 
the  Cretaceous  age.      These  pebbles  contain  scales  of  fisbc 
and  have  a  tendency  to  break  into  flaky  chips. 

Some  details  of  a  rather  hurried  examination  of  the  errata 
in  this  drift  are  given  in  the  table  below: 

•dee  'The  lUlnols  Qladal  Lobe, "  Mon.  XXXVm,  U.  8.  Oeol.  Butt.,  byFnak  LsTereH 
144  el  Beq, 
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COMPOSITION  OF  THB  BRBATI08  IN  THK  KAN8AN  DRIFT  IN  RA8TBEN  IOWA, 
( The  table  gives  the  per  cent  of  erratie»  of  ecMh  kind  of  rock  among  the  different  sizea. ) 


DIAMSTBR  OF  PBBBLSS   IN  IN0HX8. 

KI5D8  OF  ROCKS. 

ONK    MlliV     HOKTH     OF 
BIGO*BSTATIOEr,  CLIN- 
TOR  OOUHTT. 

One- half   mile 
north  of  Del- 
mar. 

North  of 
Lowden 

0 

3 

1 

% 

1 

}4 

% 

L«iinestone 

2 
1 

14 

•  •  •  • 

32 

3 

1 
.  • . . 

22 
14 

.... 

•  • » » 
3 
9 
4 
2 
3 
30 
8 
9 
6 

17 

I 

•  •  •  • 

4 
5 
2 
I 
2 

24 

23 

20 

1 

IS 
7 

. . .  • 

•  ■ .  • 
.... 

4 
2 
1 

•  •  •  • 
20 
23 
23 

5 

11 

Dolomite 

SAnd^tone       

5 
2 

v;na1«k                                                      

I 

Ollt&lC   ...•••     ..... ••• 

.... 

X7  CT  rUKlUUUS   \»UiJV>I  wLtv/ua  .«•«..      ...........      ..• 

/^cAf on#w>iic   FrtpV                                         .... 

• .  •  • 

7 

V^rOLC&CwUUa  lU^K    .......•«••• 

Chert 

Schist .' 

Quartzite 

Diabase,  gab bro,  etc 

Greenstone 

I  vrflTiite            . 

1 

3 

5 
15 
36 
36 

•  •  •  • 

2 

3 

5 

17 

30 

27 

2 

6 
1 

10 

10 

23 

9 

4 

11 
4 

11 

19 
9 

12 

Vein  quartz         ....                 

8 

The  Kansan  drift  was  laid  down  over  the  entire  area  of  the 
county,  for  we  find  it  not  only  on  the  north  side  but  also  on  the 
south  side  of  a  later  drift.  The  Kansan  drift  is  known  to  have 
come  in  with  an  extensive  ice  field  from  the  northwest,  and 
this  accounts  for  the  frequency  of  pebbles  of  Cretaceous 
material.  It  seems  likely  that  these  may  have  come  from  some 
part  of  the  plains  several  hundred  miles  farther  north. 

ILLINOIAN  STAGE. 

The  Illinoian  Drift — Some  time  after  the  deposition  of  the 
Kansan  drift,  a  lobe  of  an  extensive  ice  field,  coming  from  the 
northeast,  is  known  to  have  advanced  westward  across  the 
present  course  of  the  Mississippi  river  to  the  south  of  this  region. 
The  drift  left  by  this  ice  is  known  as  the  Illinoian,  and  it  covers 
parts  of  Scott,  Muscatine,  Louisa  and  Des  Moines  counties.  It 
is  believed  that  this  drift  has  been  recognized  as  far  north  in 
Scott  county  as  to  within  a  few  miles  of  Clinton  county.*    In 

•  Q-eolog7  or  Soott  county.     W.  H.  Norton,  Iowa  Qeol.  Snrv.,  Vol.  IX,  p.  48a    The  Illinois 
Glacial  Lobe,  Frank  Leverett,  U.  S.  Geol.  Snrv.,  Monograph  XXXVIII,  p.*84. 

27 
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Clinton  county  it  is  probable  that  this  drift  also  exists,  but  its 
presence  has  been  obscured  by  the  later  deposits.  The  lUinoian 
drift  is  characterized  throughout  western  Illinois  and  in  eastern 
Iowa  by  a  high  percentage  of  dolomitic  material  among  its 
smaller  erratics.  Of  the  pebbles  which  measure  less  than  one 
inch  in  diameter,  from  fifty  to  eighty  per  cent  are  of  this  kind 
of  rock.  If  the  lUinoian  drift  occurs  in  this  county  at  all,  it 
should  be  found  in  the  townships  bordering  on  the  Wapsipinicon 
and  the  Mississippi  rivers.  No  certain  evidence  of  the  presence 
of  this  till  has  been  noted . 

lOWAN  STAGE. 

The  lowan  Drift. — Long  after  the  lUinoian  ice  had  disappeared 
there  was  an  incursion  of  glacial  drift  from  the  west  along  the 
lowlands  of  the  Wapsipinicon.  This  was  brought  by  a  tongue 
•of  the  lowan  ice  field  which  apparently  reached  as  far  out  as  to 
the  present  course  of  the  Mississippi  river,  or  perhaps  even  be- 
yond this  some  distance  into  Illinois.*  The  topographic  char- 
Bcter  of  this  drift  has  already  been  described.  Its  average  ele- 
vation is  from  fifty  to  one  hundred  feet  less  than  that  of  the 
Kansan  drift  plain,  it  has  suffered  much  less  from  erosion,  and 
fully  two-thirds  of  the  original  surface  of  the  plain  is  yet  in- 
tact and  uninvaded  by  the  drainage' channels.  Occasionally 
low  ridges  rise  from  its  surface  and  run  in  a  northwest-south- 
east direction.  North  and  west  of  UeWitt  some  of  these  ridges 
form  belts  with  a  broken  topography  that  is  almost  morainic 
in  character.  Elongated  and  irregular  knolls  hem  in  some 
small  and  undrained  basins. 

Another  feature  of  this  belt  of  drift  is  the  quite  frequent  ab- 
sence of  loess,  which  elsewhere  covers  the  bowlder  clay.  la 
some  places,  especially;  near  the  ridges  just  described,  and  also 
near  the  margins  of  the  belt,  the  loess  is  present,  but  it  is  seldom 
heavy.  Quite  frequently  it  is  entirely  absent.  In  such  cases 
the  drift  forms  the  soil,  and  this  may  be  calcareous  almost  up 
to  the  surface,  and  bowlders  appear  in  the  fields.  Such  bowl- 
ders are  especially  frequent  immediately  west  of  DeWitt,  and 
also  in  Olive,  Orange,  Eden  and   Caraanche  townships.      They 

*Se«  the  IIliDold  Qlaclal  Lobe,  by  Frank  Levert^tt,  Mon.  U.  8.   Oeol.  Snr v.,  XXXVIII.  p.  151. 
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were  also  noted  in  the  southern  part  of  Center,  Welton,  Berlin, 
and  Sharon  townships.  The  percentages  of  different  kinds  of 
rocks  represented  among  200  of  these  bowlders  were  as  follows 

PBB  OXST 

Gabbro  and  diorite 47 

Granite  and  gneiss 35 

Qnartzite 6 

Dolom  ite 6 

Greenstone 3 

Coarse,  red  granulite 3 

These  bowlders  had  an  average  diameter  of  about  two  feet, 
but  they  ranged  in  size  from  one-half  to  twice  this  measure. 
Such  very  large  blocks  as  have  been  noted  on  this  drift  in  other 
counties  are  not  frequent,  only  two  having  been  noted.  One  of 
these  lies  on  the  east  side  of  the  wagon  road  in  the  north- 
west 4  of  section  6  in  Orange*  township.  It  is  of  granite,  and 
it  is  broken  into  several  parts  some  of  which  measure  ten  feet 
in  diameter.  Another  block  of  coarse  granite  was  noted  in  the 
southwest  ^  of  section  30  in  Sharon  township.  This  measured 
about  10  by  12  by  15  feet. 

The  limits  of  the  lo wan  drift  are  by  no  means  clearly  or  sharply 
marked.  The  boundary  on  the  north  side  may  be  said  to  con- 
sist of  an  ill  defined  belt  from  one-half  mile  to  two  miles 
in  width,  where  the  distinctive  features  of  the  earlier  and  the 
later  drifts  gradually  merge,  or  frequently  alternate,  without 
apparent  order.  The  belt  is  marked  by  dome-like  ridges,  called 
paha,  which  extend  more  or  less  parallel  with  its  course,  from  the 
west-northwest  to  the  south-southeast.  On  the  south  side  west 
of  the  Wapsipinicon  river  some  lowan  drift  appears  to  have 
come  down  along  the  valley  of  Yankee  creek,  while  undoubted 
Kansan  drift  was  noted  on  the  uplands  northwest  of  Wheat- 
land. Small  isolated  areas  of  the  earlier  drift  have  also  been 
noted  to  the  west,  in  Cedar  county,  by  Professor  Norton.*  They 
seem  to  be  entirely  surrounded  by  lowan  drift. 


*IowaQeol.  Sarv.,  Vol.  X[,  u^eoI>gy  or  Oeiar  Coantj,  b/   Wm.  Harmoa  Norton,  pUiefeq. 
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Gravels  of  Uncertain  Age. — Some  gravels  which  occur  io 
ridges  on  the  lowan  area  merit  special  notice.  These  are  the 
gravels  in  the  pits  worked  in  the  northwest  J  of  section  19,  just 
south  of  DeWitt,  and  in  the  northwest  J  of  section  16,  a  short 
distance  east  of  Grand  Mound,  along  the  Chicago  &  North- 
western railway.  In  the  pit  which  lies  nearest  the  railroad 
south  of  DeWitt,  the  lowest  part  of  the  material  seen  in  the 
south  end  of  the  ex£avatioQ  consists  of  sand  and  gravel  about 
fifteen  feet  .in  depth.  This  exhibited  an  obscure  but  still 
clearly  perceptible  bedding  or  assortment  of  materials  of 
different  degrees  of  coarseness,  into  layers  which  had  the  very 
unusaal  attitude  of  extending  in  directions  varying  from  the 


Fra.  St.     ■-  Upper  Motion  shows  bedding  of  the  drift  Id  the  Boott  conatr  ■■KTcl  pit  near 
DeWIlt,     (bI  auidTlosH.  (b)  f ermglnoiu  iBDd.  (a)  ETavel  kud  Mod. 
b.  Lower  neotlon  ■howsbaddlug  In  the  drift  Id  a  grkTBl  pit  near  Uraod  Honnd. 
<s)  Boll,  (b)  grsTel  KDd  Bknd,  (c)  bowlder  olm7. 

vertical  to  inclinations  of  forty-five  degrees.  Above  this  was 
a  two-foot  stratum  of  ferruginous  sand,  which  changed 
upward  into  a  sandy  loess  some  three  feet  in  depth.  The 
structure  is  represented  in  figure  32a.  Id  the  pit  east  of  Grand 
Mound  a  gently  sloping  stratification  in  the  gravel  seen  in  the 
north  end  of  the  exposure  abuts  against  an  irregular  wall  of 
bowlder  clay  at  the  south  end.  From  this  till  some  thin  layers 
of  bowlder  clay  run  out  and  are  interbedded  with  the  sand  and 
gravel,  as  indicated  in  figure  82b.  The  character  of  the  bedding 
in  both  of  these  instances  shows  that  the  gravels  are  of  a 
glacial  origin  and  were  deposited  in  the  presence  of  ice.    The 
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vertical  bedding  can  have  been  produced  only  by  disturbances 
connected  with  the  melting  of  the  ice.  In  the  pit  farthest 
south,  near  De  Witt,  the  gravel  and  sand  is  overlain  by  a  fine  and 
calcareous  silt  such  as  settles  in  glacial  waters.  The  gravel 
itself  bears  clear  evidence  of  being  a  glacial  product,  for  quite 
a  considerable  percentage  of  the  pebbles  bear  glacial  scoring 
and  planing.  The  question  arises  as  to  which  age  the  gravel 
belongs.  The  overlying  sandy  material  is,  of  course,  lowan, 
and  though  there  is  an  unconformity  between  this  and  the 
underlying  beds,  both  may  very  well  be  derived  from  the 
same  drift.  The  ridges  are  no  doubt  to  be  regarded  as 
eskers  or  kame  deposits  built  up  by  glacial  streams.  Were 
these  streams  on  the  lowan  ice  or  on  the  Illinoian?  This 
question  must  be  left  undecided.  Their  intimate  association 
with  the  lowan  drift  and  their  general  relation  with  the 
lowan  topography  render  presumptive  their  identity  with 
this  drift.  But  the  material  itself  very  much  resembles  that 
found  in  the  Illinoian  drift,  and  in  an  esker  of  that  drift 
found  in  Whiteside  county,  directly  east  of  the  Mississippi. 
The  bulk  of  the  gravel  is  dolomitic  limestone.  The  results 
of  some  observations  on  the  rocks  represented  in  the  two 
principal  occurrences  of  this  gravel  are  given  in  the  table 
below : 

COMPOSITION  OF  THB  GRAVBL  IN  THE  BSEEB8  SOUTH  OF  DBWITT. 
( BxpreMMed  in  percentage  offrtigmente  of  different  eizee. ) 


BIZBB  or  DIAMBTXRS  OF  rRAOMXNTS  IN  INGHXB. 

ORAVKL. 

KEAB  DXWITT. 

NBAR  GRAND  MOTTND. 

27 

0 

8 

1 

H 

27 

9        8 

1 

H 

Dolomitic  limestone   

Sandstone  and  conglomerate 

Limonitic  nodules 

4 

•  •  •  ■ 

37 

•  ■ 

77 
3 

78 
2 

73 

-  •  •  • 

9 

•     ■     •     a 

3 

4 

18 

1 

63 

•  •  •  • 

75 

•  •  •  • 

75 

2 

8 

59 

■  • 

1 

Chert  ...   

5 
2 

■  •  • 

2 

•    ■    • 

1 

14 

2 

62 

•  »  •  • 

•  •  •  ■ 

5 
7 

•  ■  •  • 

23 

2 

1 
3 
8 
1 
10 

18 

Schist 

I 

8 

32 

1 
9 

•  •  «  • 

2 

5 

1 

10 

1 

Greenstone 

4 
20 

56 

4 

Granite 

6 

Grannlite  (red) 

Diabase  and  gabbro 

Hornblende  rock 

7 

8 

7 

Ouartz  (vein) 

1 
3 

3 

•  •  •  • 

Qnartzite 

16 

12 

1 

I 

2 

i 

-  •  •  « 

3 
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LOESS. 

The  Loess. — The  loess  is  the  latest  deposit  on  the  uplands.  It 
is  a  yellow  or  gray,  porous  material  of  uniformly  fine  texture, 
usually  known  to  well  drillers  as  yellow  clay.  In  the  upper- 
most part  it  changes  into  dark  soil,  which  is  the  universal 
material  seen  in  the  roadbeds  on  all  uplands.  When  dry  it  is 
jreadily  crushed  into  dust  that  is  easily  borne  by  the  wind.  It 
is  free  from  pebbles  and  coarse  sand,  but  frequently  contains 
calcareous  nodules  or  concretions  of  most  varied  forms  and 
sizes.  In  this  county  such  concretions  are  not  very  common. 
Calcareous  material  is  rather  less  abundant  as  an  ingredient  in 
the  deposit  here  than  elsewhere  in  the  state.  North  of  Clinton 
the  loess  occasionally  has  a  purplish  tint  which  is  a  rather  ex- 
ceptional feature.  In  the  bluffs  west  of  the  city  of  Clinton  the 
writer,  some  years  ago,  found  a  small  block  of  Niagara  lime- 
stone in  the  lower*  part  of  a  freshly  exposed  wall  of  the  loess 
in  a  stone  quarry.  The  block  was  quite  angular  and  evidently 
not  worn,  and  as  the  Niagara  limestone  rises  considerably 
higher  in  the  hills  close  by,  the  suggestion  was  near  at  hand 
that  the  block  might  have  crept  down  into  its  present  position. 
Pulmonate  gastropods,  which  often  are  frequent  in  the  loess 
elsewhere,  are  rare  in  this  county,  but  not  unknown.  A  few 
brittle  and  disintegrated  fossils  of  this  kind  were  seen  in  the 
lower  part  of  the  loess  in  the  clay  pit  of  the  brickyard  in  the 
north  part  of  Lyons.  The  only  form  indentified  with  certainty 
was  Succinea  avara  Say. 

The  loess  is  universally  present  on  the  uplands  of  the  Kansan 
drift  plain,  north  as  well  as  south  of  the  belt  of  lowan  drift. 
It  probably  averages  fifteen  or  twenty  feet  in  thickness.  But 
in  the  bluffs  of  the  Mississippi  it  is  heavier  than  this  at  some 
places.  In  Brookfield  and  Berlin  townships  it  appears  to  in- 
crease slightly  in  thickness  toward  the  boundary  of  the  lowan 
drift,  but  this  can  not  be  said  to  be  the  case  along  the  same 
boundary  east  of  Welton.  The  material  which  forms  the  upper 
part  of  the  paha  is  invariably  loess,  but  it  usually  changes 
downward  into  yellow  sand,  and  even  into  gravel.  Such  an 
instance  was  noted  in  a  paha  in  the  northwest  ^  of  section  29 
in  Sharon  township. 


• 
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Over  the  lowan  drift  plain  the  loess  is  patchy  and  its  tend- 
ency is  to  be  absent  on  the  lower  parts  of  the  land  and  to  ap- 
pear in  greatest  thickness  on  the  higher  tracts  and  on  the  paha, 
as  already  explained.  It  is  believed  to  be  present  as  a  thin 
mantle  in  most  places,  but  it  probably  averages  less  than  one- 
half  the  thickness  observed  on  the  Kansan  drift.  A  loess-like 
material  was  also  noted  on  the  alluvial  plain  of  the  Goose  Lake 
channel.  ^ 

ALLUVIUM. 

Exposures  for  the  study  of  the  fluviatile  deposits  are  not  very 
frequent.  The  materials  on  the  surface  of  the  lowest  flood 
plains  are  almost  invariably  a  silt,  largely  made  up  of  redepos- 
ited  loess  in  the  smaller  streams.  In  the  Wapsipinicon  and  the 
Mississippi  bottoms  it  is  occasionally  coarser  and  sandy. 
Below  this  silt  wells  usually  penetrate  stream  sand  or  quick- 
sand. In  the  terraces  which  rise  above  the  flood  plain  the 
materials  are  usually  coarser.  Such  is  the  case  in  the  terrace 
near  Camanche.  In  a  remnant  of  a  terrace  near  the  Mil- 
waukee railroad  at  Midland,  the  bank  consists  of  sand  above 
and  gravel  below.  The  composition  of  the  gravel  resembles 
that  of  the  gravels  in  the  Wisconsin  terraces,  and  Jt  seems 
probable  that  this  is  a  remnant  of  the  same  deposits.  Thejfol- 
lowing  table  shows  the  nature  of  the  pebbles  averaging  about 
one-half  inch  in  diameter  in  this  gravel: 

Granite 41 

Quartz  (one  carnelian)  4 

Serpentine  rock 3 

Magnetic  iron  ore 1 

Felsite I 

Diabase 17 

Other  Keweenawan  emptives 16 

Red  qnartzite  (Kew.  ?) 4 

Gray  qnartzite 4 

Chert 6 

Limestone 3 

Clay  ironstone  concretion 1 
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Geological  Structure. 

The  Paleozoic  terranes  in  Clinton  county  have  a  dip  toward 
the  south  of  about  twelve  feet  per  mile,  as  near  as  can  be  made 
out  from  measurements  within  the  county.  The  above  state- 
ment is  based  upon  data  which  fixes  the  elevation  of  the  base 
of  the  Niagara  at  four  points  lying  at  the  corners  of  a  quad- 
rangle which  nearly  includes  the  east  two-thirds  of  the  county. 
In  the  northeast  corner  of  Elk  River  township  the  division  be- 
tween the  Niagara  and  the  Maquoketa  is  known  from  outcrops, 
and  it  averages  600  feet  above  the  sea  level.  In  Mr.  Wm. 
Pitch's  well  the  Maquoketa  shale  was  encountered  at  an  ele- 
vation of  610  feet  above  sea  level,  practically  at  the  same  height 
as  it  occurs  on  the  Mississippi  twenty-six  miles  to  the  east. 
Again  at  DeWitt  a  well  entered  £he  Maquoketa  at  427  feet 
above  sea  level  and  at  Clinton  the  top  of  the  same  shale  lies 
468  feet  above  the  sea.  As  DeWitt  lies  two  miles  south  of  the 
Clinton  wells  the  greater  depth  of  the  shale  at  the  former  place 
must  be  regarded  as  in  part,  if  not  altogether,  due  to  the  south- 
ward dip,  and  thus  it  is  clear  that  in  the  east  and  west  direction 
these  formations  are  nearly  horizontal.  From  the  north  line 
of  the  county  south  to  the  Clinton  wells  we  may  take  the 
distance  as  twelve  miles.  The  difference  in  elevation  being  132 
feet,  there  must  be  an  average  descent  of  eleven  feet  per  mile. 
The  north  and  south  distance  from  Mr.  Pitch's  well  to  the  well 
at  DeWitt  being  fourteen  miles  and  the  difference  in  elevation 
of  the  base  of  the  Niagara  being  191  feet,  there  is  an  average 
descent  of  about  thirteen  and  one-half  feet  to  the  mile.  The 
close  correspondence  of  the  two  figures  corroborate  their  ac- 
curacy. 

From  the  exposures  in  the  bluffs  of  the  Mississippi  river  it 
appears  that  this  general  dip  is  not  uniform.  North  of  Lyons 
the  top  of  the  Maquoketa  maintains  nearly  the  same  level  up 
to  the  Jackson  county  line,  so  that  the  strata  must  lie  almost 
horizontal.  Then  in  the  next  three  and  one-half  miles  to  the 
Clinton  wells,  the  Maquoketa  descends  132  feet,  or  nearly  thirty- 
eight  feet  to  the  mile.  This  comparatively  steep  dip  evidently 
soon  gives Jplace  to  a  morejgentle  descent  of  about  ten  feet  to 


426  GEOLOGY   OF   CLINTON   COUNTY. 

the  mile,  for  this  is  required  to  give  to  the  Niagara  the  thick- 
ness it  is  known  to  have  twenty  miles  farther  south.  See  sec- 
tion shown  in  plate  VIL 


Minerals. 

Some  galena  and  some  nuggets  of  copper  have  been  found  in 
the  drift.  A  specimen  of  galena  was  taken  up  on  the  farm 
belonging  to  Mr.C.  Schoff,  on  section  18  in  BrookiSeld  township. 
Another,  which  was  found  on  a  farm  belonging  to  Mr.  A.  Evers, 
weighed  ten  pounds.  Mr.  J.  W.  Hover  of  Wheatland  states 
that  while  drilling  a  well  on  the  farm  belonging  to  Mr.  P.  J. 
Quacke  in  the  south  half  of  the  northwest  J  of  section  13  in 
Liberty  township,  a  bowlder  of  galena  was  struck  at  a  depth  of 
fifty-  three  feet.  These  erratics  of  lead  ore  have  evidently  been 
picked  up  by  the  ice  sheet  in  the  lead  bearing  Galena  limestone 
fifty  or  a  hundred  miles  to  the  north,  and  have  been  brought 
here  with  the  drift. 

Some  small  copper  nuggets  a  quarter  of  an  inch  in  diameter 
were  found  in  blue  bowlder  clay  sixty  feet  from  the  surface, 
on  a  farm  belonging  to  Mr.  Leonard  Clapp,  in  the  west  half  of 
the  northwest  J  of  section  28  in  Sharon  township.  Such  nug- 
gets occur  in  the  drift  in  other  parts  of  the  state  and  they  have 
probably  been  transported  by  the  ice  from  the  region  of  Lake 
Superior. 

A  white  rock  flour  is  sometimes  to  be  seen  in  small  crevices 
in  the  Niagara  limestone.  It  is  a  form  of  dolomite.  Cubical 
crystals  of  iron  pyrites  are  also  common  in  the  Maquoketa  shale. 


ECONOMIC  PBODUCTS. 


Clay  Industries. 


The  largest  brick  making  establishment  in  Clinton  county 
is  located  in  the  city  of  Clinton,  near  First  avenue  and  Fifth 
street  and  belongs  to  Mr.  Thomas  Price.  The  clay  used  is  loess, 
and  this  is  taken  from  a  bluff  near  by.    The  brick  is  hand  nj&ao 
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and  the  clay  is  prepared  in  two  pug  mills.  The  brick  is  sun 
dried,  and  burned  in  open  kilns.  The  usual  output  in  one 
season  is  1,500,000  brick.  About  twenty  men  are  employed. 
The  average  price  received  is  $7.00  per  thousand.  The  total 
output  is  consumed  by  the  home  market. 

The  Lyons  brickyard  is  located  at  the  foot  of  the  bluffs  in 
the  northwest  part  of  the  former  city  of  Lyons  (now  a  part  of 
Clinton).  The  clay  used  is  a  yellow  loess.  There  is  one  pug 
mill,  and  the  brick  are  sun  dried  and  burnt  in  open  kilns.  From 
five  to  ten  men  are  employed,  and  the  output  for  each  season 
varies  from  200,000  to  500,000  bricks,  which  are  sold  in  the 
home  market  at  prices  varying  from  $6.00  to  $8.00  per  thou- 
sand. 

The  tile  and  brick  works  near  DeWitt  belong  to  W.  E. 
McKinney  &  Co.  The  plant  is  located  along  the  Chicago,  Mil- 
waukee &  Saint  Paul  railroad  about  one-fourth  of  a  mile  north- 
west of  the  town.  Tile  as  well  as  brick  is  made  from  a  yellow, 
sandy,  loess-like  material,  which  rests  on  drift  in  a  paha  ridge. 
A  Brewer  and  Tiffany,  stiff  mud  machine  is  run  with  steam 
power.  From  eight  to  ten  men  are  employed.  About  200,000 
bricks  and  400,000  tiles  of  two  sizes  (three  and  eight  inches  in 
diameter)  are  made  in  a  season.  The  product  is  dried  in  sheds 
and  is  burnt  in  down  draft  kilns.  Part  of  the  output  is  shipped 
to  outside  points  and  part  is  sold  in  the  home  market.  Prices 
are  about  as  follows:  brick,  $8.00;  three  inch  tile,  $12.00;  eight 
inch  tile,  $65. 

Mr.  Fred  Rink  owns  a  brickyard  in  Wheatland,  and  uses  a- 
yellow  loess  clay.  The  brick  is  made  with  a  Leander  machine. 
It  is  dried  in  sheds  and  burnt  in  a  down  draft  kiln.  Four  men 
are  employed.  About  700,000  bricks  are  made  in  a  season  and 
sold  at  $7.00  per  thousand  in  the  home  market.  Some  tile  is 
also  made,  as  the  market  demands. 
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Sand  and  Qravel. 

Mortar  sand  is  obtained  in  many  places  from  the  drift  and 
also  along  some  of  the  streams.  Near  Toronto  large  quantities 
are  taken  each  year  from  the  bed  of  the  Wapsipinicon  river 
and  hauled  away  to  supply  the  country  to  the  north. 

In  the  northwest  J  of  section  31  in  Elk  River  township  the 
Chicago  &  Northwestern  railroad  operates  a  large  gravel  pit. 
The  top  layer  consists  of  a  moderately  fine  sand  which  is  partly 
used  for  engine  sand.  Underneath  this  sand  there  is  from 
twelve  to  fifteen  feet  of  gravel,  which  is  coarse  enough  to  be 
used  for  road  ballast.  About  five  hundred  car  loads  are  taken 
out  each  year.  This  gravel  is  in  an  old  terrace  of  the  Missis- 
sippi river. 

Gravel  suitable  for  ballast  and  for  building  of  highways  has 
been  found  in  esker-like  ridges  in  four  places  over  the  area 
of  the  lowan  drift.  Two  of  these  are  on  the  west  |  of  sec- 
tion 19,  south  of  the  city  of  DeWitt.  The  larger  of  these  two  is 
owned  and  worked  by  Scott  county  for  road  building.  This 
pit  is  close  to  the  Chicago,  Milwaukee  &  Saint  Paul  railroad, 
and  the  gravel  is  hauled  by  this  road.  About  six  thousand 
cubic  yards  were  taken  out  last  season  and  from  three  to  six 
men  were  employed.  The  other  pit  on  this  section  lies  a 
quarter  of  a  mile  farther  south.  It  is  owned  by  the  city 
of  UeWitt  and  supplies  material  for  gravelling  the  roads  in 
DeWitt  township. 

The  Chicago  &  Northwestern  railroad  once  worked  a  gravel 
bank  on  the  north  side  of  the  road  in  the  northwest  J  of  sec- 
tion 16  in  Orange  township.  This  pit  at  present  supplies  some 
road  material  for  the  neighborhood  of  Grand  Mound. 

Another  old  gravel  pit  was  formerly  worked  by  the  same 
road  near  the  center  of  section  23  in  Olive  township. 

The  material  in  all  of  these  places  on  the  area  of  the  lowan 
drift  consists  mainly  of  dolomitic  limestone.  There  are  several 
other  ridges  which  contain  the  same  kind  of  gravel,  in  the 
region  near  the  Wapsipinicon  river.  These  will  no  doubt  be 
utilized  when  the  supply  in  the  present  pits  has  been  exhausted. 
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Stone. 

There  are  a  great  number  of  small  stone  quarries  throughout 
this  county.  None  are  worked  on  a  largo  scale.  No  building 
stone  is  exported,  and  such  quarries  as  these,  merely  supply  the 
local  demand  for  curbing,  riprap,  road  making  and  flagging 
stone.  All  the  rock  quarried  comes  from  the  Niagara  forma- 
tion. While  this  in  many  places  can  be  taken  out  in  blocks 
suitable  for  building  stone,  it  is  not  suitable  for  dimension 
work.  One  reason  for  this  is  the  fact  that  in  nearly  all  of  the 
quarries  •  the  several  layers  vary  in  thickness  as  they  are 
followed  horizontally.  Quite  often  the  rock  is  too  porous  and 
too  soft  to  stand  weathering.  The  largest  quarries  are  in 
Clinton,  but  even  these  are  not  worked  during  all  of  the  year. 
Openings  have  been  made  in  many  places  in  the  bluffs  where  no 
work  is  now  going  on.  Throughout  the  county,  openings  for 
small  quarries  are  so  generally  distributed  in  every  neighbor- 
hood that  there  has  been  no  centralization  of  the  industry  in 
any  particular  place.  The  value  of  the  entire  output  probably 
does  not  exceed  $7,000  a  year,  and  no  more  than  a  dozen  men 
are  employed  in  the  work. 

Water  Supply. 

On  the  alluvial  or  '^bottom"  lands  along  the  rivers  and  larger 
creeks  water  is  obtained  in  wells  which  go  down  into  sand. 
Usually  this  is  encountered  within  forty  feet  of  the  surface. 
On  the  uplands  the  most  of  the  wells  are  deeper  than  this. 
Water  is  sometimes  obtained  in  sandy  or  gravelly  beds  either 
in  the  glacial  till  or  immediately  below  it,  but  the  best  wells 
draw  their  supply  from  the  Niagara  limestone.  This  latter 
horizon  lies  at  depths  usually  ranging  from  fifty  to  two 
hundred  feet  below  the  surface.  The  waterworks  in  DeWitt, 
Grand  Mound  and  Wheatland  obtain  their  supply  from  this  rock. 
The  water  supply  in  the  city  of  Clinton  is  partly  from  deep 
wells  which  tap  the  Saint  Peter  sandstone  of  the  Ordovician, 
and  also  the  Saint  Croix  sandstone  of  the  Cambrian.  Part 
of  the  city  supply  is  pumped  from  the  Mississippi  river. 


430  GEOLOGY   OF   CLINTON  COUNTY. 


Soils. 

The  soils  in  Clinton  county  do  not  differ  essentially  from 
those  in  the  surrounding  country.  The  alluvial  plains  are 
covered  vjrith  a  very  rich  and  black  soil,  butduring  wet  seasons 
much  of  the  land  suffers  from  insufficient  drainage.  On  the 
uplands  there  is  less  of  humus  and  the  soil  is  not  always  so 
black,  but  it  is  nevertheless  of  good  quality.  Along  the  north 
border  of  the  lowan  drift,  and  near  the  paha  on  this  drift,  there 
are  occasional  small  patches  of  sandy  soil.  Along  Elk  river, 
in  the  northeast  part  of  the  county,  the  land  is  too  hilly  for 
general  cultivation,  but  it  furnishes  excellent  pasturage. 

Quicklime. 

In  earlier  years  lime  was  burnt  for  some  time  at  Lyons  and 
near  Camanche,  but  this  industry  has  now  been  abandoned.  j 

Rock  suitable  for  such  purposes  is  common  throughout  the 
county. 

Coal. 

While  there  is  no  doubt  that  the  Coal  Measures  once  covered 
the  Niagara  limestone  everywhere  in  this  region,  it  is  no  less 
evident  that  during  later  ages  the  rocks  of  the  Des  Moines 
stage  have  been  almost  entirely  removed,  and  that  the  few  re- 
maining outliers  are  altogether  too  insigniticant  to  contain  any 
workable  seams  of  coal.  A  coal  bearing  shale  has  been  re- 
ported from  a  well  on  section  33  of  Welton  township,  but  the 
seam  was  thin  and  no  doubt  of  very  limited  extent,  as  the  Si- 
lurian rocks  are  known  to  come  up  around  it  on  all  sides. 
Money  spent  in  prospecting  for  coal  in  this  county  is  certain  to 
bring  no  returns. 

Lead  and  Copper. 

The  fragments  of  galena  and  copper  which  have  been  dis- 
covered in  this  county  are  erratics  from  other  regions,  and  do 


i 


il 
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not  signify  that  such  minerals  can  be  found  by  prospecting. 
The  bed  rock  is  known  to  be  barren  and  will  never  yield  either 
base  or  precious  metals. 
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INTRODUCTION. 


LOCATION  AND  AREA. 


Fayette  county  was  established  in  December,  1837,  and  was 
named  in  honor  of  the  French  Marquis  de  Lafayette.  At  that 
time  it  was  the  largest  county  in  the  United  States.*  It 
included  the  greater  portion  of  what  now  comprises  twenty - 
eight  of  the  northern  counties  of  Iowa,  nearly  all  of  the  pres- 
ent state  of  Minnesota,  and  all  of  the  Dakotas  east  of  the 
White  Earth  and  the  Missouri  rivers.  It  embraced  a  total  area 
of  nearly  140,000  square  miles.  Ten  years  later  the  county 
was  reduced  to  its  present  boundaries. 

Fayette  county  is  situated  in  the  second  tier  of  counties 
west  from  the  state  of  Wisconsin,  and  in  the  second  row  south 
from  Minnesota.  Winneshiek  county  lies  to  the  north  of 
the  area,  Olayton  joins  it  on  the  east,  Buchanan  borders 
it  on  the  south  and  Bremer  and  Chickasaw  form  its  western 
boundary. 

•Uae:  History  of  Iowa,  VoL  I.  p.  188,  andVoL  III,   p.  844 
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The  eastern  border  of  the  county  is  only  about  twenty-two 
miles  west  of  the  Mississippi  river,  and  the  northern  border 
thirty  miles  south  from  the  state  line.  Fayette  county  forms  a 
rectangle  thirty  miles  in  length  from  north  to  south,  and 
twenty-four  miles  in  width.  It  comprises  twenty  government 
townships — townships  91  to  95  north  of  the  base  line,  and 
ranges  VII  to  X  west  of  the  fifth  principal  meridian.  It  has  an 
area  of  720  square  miles. 

In  the  number  of  geological  formations  exposed,  and  in  the 
favorable  manner  in  which  the  relations  of  the  different 
strata  are  exhibited,  this  region  is  surpassed  by  but  few  of  the 
counties  of  the  state.  No  other  area  of  like  size  presents  a 
richer  variety  of  topographic  forms  expressed  in  widely  extend- 
ing prairies;  forest  mantled  hills;  deep,  picturesque  ravines  which 
are  bordered  by  high  bluffs  and  precipitous  ledges  of  limestone; 
and  charming  streams  which  are  fed  by  scores  of  never  failing 
springs. 

EARLIER  GEOLOGICAL  WORK. 

As  early  as  1839  Dr.  D.  D.  Owen*  collected  and  described  a  few 
fossils  from  the  rocks  exposed  at  various  points  along  the  Turkey 
river  in  or  near  Fayette  county.  In  his  report  he  calls  atten- 
tion to  the  symmetrical  form  of  the  hills  which  border  the 
larger  streams  of  the  area.  He  also  discussed  in  a  general  way 
some  of  the  geological  formations  in  the  northeastern  portion 
of  the  county. 

In  Hall's  report  on  the  Geology  of  lowaf  published  in  1858, 
Prof.  J.  D.  Whitney  devotes  three  or  four  pages  to  a  general 
discussion  of  the  geology  of  the  area  under  consideration.  Mr. 
Whitney  considered  the  Niagara  limestone  to  have  a  much 
wider  distribution  and  a  much  greater  thickness  in  the  county 
than  the  present  studies  seem  to  indicate.  He  also  speaks  of 
the  Galena  limestone  appearing  in  the  valley  of  the  Turkey 
river  throughout  its  entire  length  in  the  county. 


*Owen:  Qeol.  Sarv.  of  WiMonsin,  Iowa  and  IflBBeiola,  pp.  74  and  577. 
tHall:  Geology  of  Iowa,  Vol.  I,  parti,  pp.  808-806. 
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Fayette  county  is  embraced  within  the  region  discussed  by 
W  J  McGee  in  his  Pleistocene  History  of  Northeastern  Iowa.* 
In  that  work  several  references  are  made  to  some  of  the  topo- 
graphic features,  loess  and  drift  deposits,  and  a  few  of  the  ex- 
posures of  indurated  rocks  occurring  within  the  limits  of  Fay- 
ette county. 

In  reducing  the  gradient  of  their  road  bed  in  1896  the  Chicago 
Great  Western  railway  company  made  a  deep  cut  a  short 
distance  southeast  of  the  town  of  Oelwein.  In  this  excavation 
an  exceedingly  instructive  section  of  the  Pleistocene  deposits 
was  exposed.  In  a  paper  before  the  Iowa  Academy  of  Sciences 
in  1896  Mr.  G.  E.  Finchf  described  the  drift  materials  exposed 
at  this  place.  The  same  drift  exposure  has  been  discussed  by 
Prof.  S.  W.  Beyer:|:  who  gave  a  section  of  the  beds  and  referred 
the  lower  till,  there  to  be  seen,  to  the  pre-Eansan  age.  At  the 
meeting  of  the  Iowa  Academy  of  Sciences  that  same  year  Prof. 
T.  H.  Macbride§  described  the  Pre-Kansan  Peat  Bed  that  was 
exposed  in  the  above  mentioned  cut,  and  discussed  the  condi- 
tions that  must  have  obtained  at  the  time  the  deposit  was 
accumulating. 

In  a  paper  treating  of  The  Galena  and  Maquoketa  Series,  Mr. 
F.  W.  Sardesonjl  refers  to  a  number  of  places  in  Fayette  county 
where  there  can  be  seen  exposures  of  different  beds  that  he 
mentions  in  his  classification  of  the  Maquoketa  deposits. 

Prof.  G.  E.  Finch**  has  described  an  old  terrace  formation 
along  the  valley  of  the  Turkey  river  in  Fayette  county.  The 
same  writerft  has  discussed  the  significance  of  the  position  of 
individuals  of  Nileus  vigilans  that  were  found  in  strata  near 
Elgin,  in  the  county  under  consideration. 


•McQoe:    Eleventh  Ann.  Kept.  U.  8.  Qeol.  Sarv. ,  WaBhlngton,  1890. 

fFlnoh:    ProceedioKa  Iowa  Aoademy  of  Scienoes,  Vol.  IV,  p.  54,  eteeq.,  1897. 

X  Beyer :    Ibid. ,  p.  68  et  seq. 

$  Hacbrlde :    Ibid. ,  p.  03  «t  teq. 

II  Sardeeon :    American  Qeologlfit.  Vol.  XIX,  pp.  8C-33,  1897. 

••Finch:    Proceedings  Iowa  Aoad.  Sd.,  VoL  Vill,  p.  204,  et  seq  1001. 

f f Finch:    Ibid.,  Vol  XI,  pp.  179-191,  1904. 
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TOPOGRAPHY. 

Over  all  the  western  and  southern  portions  of  Fayette  county 
the  surface  is  generally  level  or  but  gently  undulating,  except 
in  close  proximity  to  the  larger  streams.  The  topography  of 
the  northeastern  part  of  the  area  is  in  striking  contrast  to  that 
of  the  prairie  portion.  In  this  more  hilly  region  the  valleys 
and  uplands  are  often  separated  by  a  difference  in  altitude  of 
300  to  400  feet.  In  many  places  high  ramparts  of  Niagara 
limestone  bound  the  valleys  of  the  larger  streams,  and  look 
down  upon  the  tumultuous  waters  which  flow  in  feverish  haste 
past  g^ncient  crags,  and  weathered  peaks,  and  gently  rounded 
bluffs  whose  materials  have  been  wasted  through  geologic  ages 
by  the  slow  processes  of  denudation. 

The  topography  of  each  of  the  above  mentioned  areas,  like 
that  over  the  greater  portion  of  our  state,  finds  its  explanation 
in  the  length  of  time  since  the  leveling  ice  plow  last  withdrew 
from  each  particular  region,  and  consequently  in  the  length  of 
time  during  which  the  streams  of  these  areas  have  been  unin- 
terruptedly carving  their  channels. 

It  is  possible  that  the  extremely  uneven  surface  of  the  north- 
eastern portion  of  the  area  is  partially  due  to  the  fact  that 
only  the  edge  of  the  Kansan  glacier  overspread  the  region. 
This  marginal  portion  of  the  ice  sheet  was  much  less  effective 
as  an  eroding  or  leveling  agent  than  the  thicker  mass  further 
from  the  periphery.  On  this  account  the  preglacial  topogra- 
phy here  was  not  greatly  obscured  by  the  Eansan  ice  sheet. 
After  the  withdrawal  of  the  ice  the  streams  continued  to  follow 
the  preglacial  courses,  and  as  a  result  of  the  but  slightly 
interrupted  erosion  the  action  of  the  streams  is  much  more 
marked  here  than  over  the  general  surface  of  the  Kansan  drift 
plain. 

THE  lOWAN-KANSAN  BORDER. 

In  Fayette  county,  as  in  other  counties  that  are  crossed  by 
the  border  of  the  lowan  drift,  the  margin  of  this  drift  area  is 
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fringed  by  a  line  of  irregular  hills  which  are  so  deeply .  loess 
covered  that  their  summits  reach  an  altitude  considerably 
greater  than  that  of  the  general  surface  on  either  side. 

This  sinuous  line  of  hills  that  marks  the  border  of  the  lowan 
drift  plain  enters  Fayette  county,  from  Clayton,  near  the  north- 
east corner  of  section  36  of  Fairfield  township.  It  extends  in  a 
northwesterly  direction  up  to  about  the  middle  of  section  25, 
thence  west  for  one  mile,  and  continues  with  a  trend  a  little 
north  of  west,  about  one-half  mile  north  of  the  town  of  Arling- 
ton. It  crosses  the  north  end  of  section  27,  the  extreme  south- 
west corner  of  section  22,  the  south  end  of  section  21,  and 
passes  up  to  near  the  middle  of  section  20.  It  here  bends  more 
nearly  northward  across  the  southwest  corner  of  section  17,  and 
up  to  one-fourth  of  a  mile  east  of  the  middle  of  section  ^8.  It 
then  swings  to  the  northeast  for  one-half  mile  after  which  it 
bears  once  more  to  the  northwest  across  the  south  half  of  sec- 
tion 7  of  Fairfield  township,  and  the  north  half  of  section  12  of 
Smithfield  township,  and  on  to  the  middle  of  the  north  line  of 
section  11.  Here  it  once  more  bends  to  the  northeast,  reaching 
the  middle  of  the  east  line  of  section  2.  Thence  continuing 
towards  the  northwest  it  enters  Westfield  township  about  the 
middle  of  the  south  side  of  section  35.  After  crossing  the  south- 
west i  of  the  latter  section  and  the  north  half  of  section  34,  it 
loops  to  the  northward  across  the  extreme  southwest  corner  of 
section  27  and  the  southeast  corner  of  section  28,  invading  the 
corporate  limits  of  the  town  of  Fayette.  It  swings  down  a  short 
distance  below  the  north  line  of  section  33  and  again  bears  to 
the  northwest,  passing  to  the  west  and  north  of  Fayette  at  a 
distance  of  one-half  to  one  and  one-half  miles.  It  crosses  the 
extreme  southwest  corner  of  section  28,  the  southeast  corner  of 
section  29  and  the  northwest  corner  of  section  32.  It  again 
bears  northward  across  the  northern  part  of  section  31  and  the 
west  side  of  section  30,  whence  it  swings  towards  the  east  across 
the  southeast  corner  of  section  19,  the  middle  of  section  20  and 
on  to  near  the  northeast  corner  of  section  21.  It  continues  with 
many  meanders  in  a  general  northerly  direction  for  some  six  or 
seven  miles.  It  takes  a  northwesterly  trend  across  the  south- 
west corner  of  section  16  and  the  northeast  corner  of  section  17. 
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It  then  bears  in  a  northeasterly  direction  across  the  extreme 
southeast  corner  of  section  8  and  on  to  the  middle  of  the  east 
half  of  section  9.  From  this  point  it  swings  again  to  the  north- 
west and  continues  up  to  about  the  middle  of  the  east  half  of 
section  5.  Here  it  swings  towards  the  northeast  up  to  the 
extreme  northeast  corner  of  section  4.  It  then  bears  towards 
the  northwest  to  near  the  middle  of  the  west  half  of  section  33 
of  Union  township.  Swinging  eastward  it  continues  up  to  the 
northeast  corner  of  section  33  and  across  the  north  end  of  sec- 
tion 34.  Bearing  more  to  the  northward  it  passes  across  the 
northwest  corner  of  section  35,  the  southwest  corner  of  section  26 
and  on  to  a  short  distance  north  of  the  middle  of  the  west  half 
of  section  27.  From  this  point  it  bears  eastward  to  the 
northeast  corner  of  section  27,  and  thence  continues  towards 
the  northwest  diagonally  across  the  southwest  J  of  section  22, 
the  northeast  part  of  section  21,  and  the  southwest  J  of  section 
16,  crossing  the  southeast  corner  of  the  town  of  West  Union. 
From  a  point  near  the  middle  of  the  east  line  of  section  17 
the  hills  extend  southward  for  one  mile,  and  thence  continue 
towards  the  northwest,  about  one-half  mile  to  the  west  of  the 
city  limits.  This  border  crosses  section  20  and  the  extreme 
southwest  corner  of  section  17.  It  cuts  diagonally  across  sec- 
tion^ 18  and  enters  Windsor  township  a  little  north  of  the 
southeast  corner  of  section  12.  It  continues  toward  the  north- 
west across  section  12,  the  north  part  of  section  11,  the  north- 
east corner  of  section  10,  the  southwest  corner  of  section  3, 
across  section  4,  and  enters  Auburn  township  a  short  distance 
west  of  the  southeast  corner  of  section  32.  These  moraine-like 
hills  continue  up  to  the  middle  of  the  northwest  i  of  section 
32,  where  they  swing  towards  the  southwest,  reaching  the 
southwest  corner  of  section  31.  Thence  they  bear  a  little  west 
of  north  to  a  point  a  short  distance  north  of  the  middle  of  sec- 
tion 25  of  Eden  township.  They  then  trend  due  east  for  one 
mile  and  then  north  one-half  mile,  whence,  after  a  slight  curve 
to  the  south,  they  continue  towards  the  northeast  up  to  near 
the  middle  of  the  west  side  of  section  21  of  the  township  of 
Auburn.  With  an  eastward  trend  having  a  gentle  southward 
curve  they  cross  the  south   half  of  section  21  and  continue 
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nearly  to  the  east  side  of  section  22,  within  one  mile  of  Auburn 
Mills.  At  this  point  they  swing  northward  to  the  northeast 
corner  of  the  same  section  22.  They  continue  to  the  northeast 
up  to  the  middle  of  section  14,  thence  bear  towards  the  north- 
west to  the  extreme  northwest  corner  of  section  14,  across  the 
south  side  of  sections  10  and  9  and  up  to  within  a  short  dis- 
tance east  of  the  middle  of  the  west  side  of  section  8.  Here 
they  swing  once  more  to  the  northeast,  passing  through  the 
town  of  Saint  Lucas,  across  the  southeast  corner  of  section  5, 
the  northwest  corner  of  section  4,  and  leave  Fayette  county 
about  one-fourth  of  a  mile  east  of  the  northwest  corner  of  sec- 
tion 4  of  Auburn  township. 

THE  ABBA  OF  lOWAN  DRIFT. 

The  area  lying  to  the  south  and  west  of  the  line  of  moraine- 
like  bills  traced  above  was  covered  by  the  lowan  glacier.  Over 
all  of  Putnam  and  Scott  townships,  and  the  greater  portion  of 
Jefferson,  Oran,  Fremont,  Harlan  and  Center,  the  south  part  of 
Fairfield,  and  all  of  Smithfield,  with  the  exception  of  a  small 
area  in  the  northeast  corner,  the  topography  is  that  of  a  gently 
rolling,  slightly  dissected  drift  plain.  This  undulating  prairie 
surface  is  interrupted  only  where  marshy,  concave  depressions, 
which  mark  the  initial  drainage  courses,  meander  with  many 
devious  curves  and  finally  deliver  their  waters  to  some  larger 
stream,  which  occupies  a  definite  yet  shallow  channel.  The 
bottoms  of  these  trough-like  depressions  are  only  fifteen  to 
thirty  feet  below  the  summits  of  the  ridges  between  which 
they  lie,  and  their  gently  sloping  sides  merge  insensibly  into  the 
gentle  swells  of  the  upland  plain. 

To  these  major  depressions  numerous  grassy  swales  owe 
allegiance,  and  their  tortuous,  digitating  lobes  separate  the 
otherwise  level  prairie  into  a  series  of  broad,  sinuous  swells 
which  alternate  with  shallow,  grassy  sloughs. 

In  Oran  and  Fremont  townships  the  Wapsipinicon  river  flows 
in  a  broad  valley  one  and  one-half  to  two  milQp  in  width. 
Ponds  and  marshes,  some  of  them  of  large  extent,  are  not 
infrequent  over  its  flood   plain.    The  channel  is  bounded  by 
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low  banks  eighteen  to  twenty  feet  in  height  which  are  gener- 
ally composed  of  moderately  coarse  gravel,  and  this  is  often 
covered  with  a  mantle  of  sand.  At  a  few  places  in  Ofan  town- 
ship low  ledges  of  indurated  rock  appear  in  the  banks  of  the 
streams,  but  such  exposures  are  limited  to  the  south  part  of  the 
township. 

In  the  east  half  of  Harlan  township,  and  the  south  part  of 
Center,  the  generally  level  surface  is  broken  by  the  erosion  of  the 
Volga  river  and  its  principal  branches.  The  hills  adjacent  to 
these  streams  are  low  and  the  inclinations  are  gentle. 

In  the  town  of  Maynard,  and  for  a  distance  of  about  one  mile 
both  to  the  north  and  the  south  of  the  city  limits,  ledges  of 
Devonian  limestone  are  encountered  at  frequent  intervals  along 
the  banks  that  border  the  river.  Deposits  of  water  laid  gravels 
bound  the  bed  of  the  stream  as  it  courses  through  sections  10 
and  2  of  Center  township.  From  the  north  side  of  section  2  of 
this  township,  down  to  where  it  leaves  the  county,  the  river  is 
confined  between  walls  of  limestone  or  bluffs  of  shale. 

In  the  northeast  corner  of  Eden  township,  the  central  and 
northwestern  portion  of  Auburn,  and  practically  the  whole  of 
the  townships  of  Banks  and  Bethel,  the  level  surface  resembles 
that  of  the  southern  townships  described  above.  The  topography 
of  the  southwest  corner  of  Union  township,  the  northwest  por- 
tion of  Westfield,  and  all  but  the  extreme  northeast  corner  of 
Windsor  and  the  southeast  portion  of  Center,  is  also  that  of  a 
recent  drift  plain  scarcely  modified  at  all  by  stream  erosion. 

Contiguous  to  Crane  creek  and  Little  Turkey  river,  in  Eden 
township,  the  surface  is  quite  broken.  These  streams  occupy 
broad,  shallow  valleys  whose  bordering  banks  are  prevailingly 
of  gravel.  Erosion  is  limited  to  a  narrow  area  adjacent  to  the 
major  channels. 

Remnants  of  a  bluff  that  bordered  a  pre-Iowan  stream  are 
left  as  a  series  of  disconnected  mounds  which  crown  the  west 
bank  of  a  branch  of  the  Volga  river  in  sections  20,  17  and  18  of 
Center  township.  A  number  of  paha-like  hills  that  appear  to 
bo  the  remains  of  pre-Iowan  elevations  occur  over  the  lowan 
plain  between  Arlington  and  Fayette.  Another  such  ridge  ex- 
tends across  the  north  side  of  section  14,  in  Windsor  township. 
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These  ridges  stand  at  a  distance  of  one-half  to  one  and  one-half 
miles  from  the  lowan  margin,  and  their  long  axes  are  usually 
somewhat  parallel  with  the  lowan  border.  The  hills  are  forty 
to  sixty  feet  in  height  and  are  usually  loess  covered.  The 
cores  of  some  of  them  are  composed  largely  of  gravel,  while 
those  of  others  are  made  up  of  Kansan  drift  materials.  They 
doubtless  represent  more  or  less  subdued  hills  which  for  some 
reason  or  other  escaped  complete  destruction  when  the  lowan 
glacier  overspread  the  region. 

Notwithstanding  the  fact  that  over  the  area  of  lowan  drift  in 
Fayette  county  the  surface  changes  are  so  gradual  and  the  slopes 
are  so  gentle  that  there  appears  to  be  but  little  relief  to  the 
landscape,  the  region  presents  a  maximum  topographic  relief  of 
nearly  three  hundred  feet.  The  bed  of  Otter  creek,  south  of  Ole- 
wein  is  a  little  less  than  1,000  feet  above  the  level  of  the  sea. 
That  of  the  Wapsipinicon  river,  in  Oran  township,  is  of  about  the 
same  altitude.  The  inconspicuous  divide  that  separates  these 
streams  reaches  a  height  of  1,100  feet.  In  the  north  central 
portion  of  Scott  township,  and  the  northwest  corner  of  Putnam, 
the  watershed  between  the  Volga  river  and  the  branches  of  the 
Maquoketa  rises  1 ,200  feet  above  the  sea.  In  the  eastern  por- 
tion of  Smithfield  township  the  uplands  have  an  altitude 
somewhat  greater  than  1,200  feet.  Near  the  northwest  corner 
of  Harlan  township,  between  the  headwaters  of  Otter  creek  and 
those  of  the  Volga  river,  the  divide  has  an  elevation  of  about 
one  thousand  two  hundred  feet.  In  Bethel  township,  west  of 
Hawkeye,  the  uplands  rise  to  a  height  of  1,220  feet,  while  in 
Windsor  township  the  height  of  land  between  the  basins  of  the 
Volga  and  the  Turkey  rivers  reaches  a  maximum  altitude  of 
1,280  feet. 

Over  all  of  the  v»'estern  and  southern  portions  of  the  county 
granite  bowlders  are  very  numerous.  They  are  usually  found 
along  the  sloughs  and  on  the  flanks  of  the  slopes.  Many  of 
these  are  so  large  that  they  constitute  conspicuous  topographic 
features,  as  in  section  18  of  Jefferson  and  section  19  of  Oran 
township.  Within  a  few  miles  of  the  lowan  border,  the  bowl- 
ders are  not  less  abundant,  but  for  some  reason  they  become 
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much  smaller  in  size  so  that  their  effect  on  the  landscape  is 
much  less  marked. 

Near  the  southwest  corner  of  section  26,  Smithfield  township, 
there  are  a  number  of  low  mounds  that  are  probably  the 
work  of  some  prehistoric  inhabitants  of  the  region. 

THE  ABBA  OF  KANSAN  DRIFT. 

All  oithat  portion  of  Fayette  county  lying  to  the  east  and 
north  of  the  lowan  border  belongs  to  the  Kansan  drift  plain. 
The  drift  materials  here  are,  for  the  most  part,  covered  deeply 
with  loess  and  the  surface  is  quite  thoroughly  dissected.  The 
mantle  of  Eansan  drift  that  underlies  the  loess  is  very  thin. 
In  many  places  it  appears  to  have  been  entirely  removed  by 
the  agents  of  denudation  prior  to  the  laying  down  of  the  loess. 
This  area  is,  in  fact,  a  part  of  a  broad  plateau  that  has  a  gen- 
eral altitude  of  about  one  thousand  two  hundred  feet.  The 
table  land  is  determined  by  the  resistant  layers  of  Niagara 
limestone  which  here  immediately  underlie  the  superficial 
materials. 

The  topography  of  this  region  has  been  developed  through 
the  erosion  of  the  streams  which,  during  long  geological  ages, 
have  cut  through  the  floor  of  Niagara  limestone  and  have 
carved  their  channels  deeply  into  the  underlying  beds.  This 
broad  plateau  has  been  profoundly  trenched  by  the  waters  of 
the  Turkey  river  and  of  its  chief  affluents,  the  Little  Turkey 
and  Otter  creek,  and,  further  south,  by  the  Volga  river. 

In  sections  30  and  31  of  Westfield  township  the  Volga  river 
flows  in  a  channel  one-half  mile  in  width.  In  some  places,  as 
at  Eagle  Point,  the  valley  is  bordered  by  cliffs  of  Devonian  lime- 
stone sixty  to  seventy  feet  in  height.  See  figure  33.  Between 
Fayette  and  Albany  the  river  is  confined  in  rather  a  narrow 
channel  between  precipitous  ledges  of  Niagara  limestone.  From 
this  point  onward  in  its  course  through  the  county  the  shales 
of  the  Maquoketa  stage  appear  in  the  banks  and  become  mani- 
fest in  the  topography.  At  Lima  the  channel  has  expanded  to 
nearly  one  mile  in  width.  The  shales  that  appear  in  the  im- 
mediate foot  hills  have  a  gentle  slope  for  a  distance  of  several 
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rods  OD  either  side  of  the  flood  plaio,  and  to  a  height  of  fifty  or 
sixty  feet.  Above  this  line  the  Niagara  escarpment  rises  sheer 
fifty  feet  more.  From  the  top  of  this  ledge  the  incline  is  rather 
gradual  to  the  level  of  the  uplands  above.  Continuing  down 
the  river  its  channel  grows  constantly  wider,  the  gentle  gradient 
of  the  Maquoketa  shales  rises  constantly  higher  in  the  bound- 
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ing  bluffs,  and  the  Niagara  escarpment  gradually  recedes  on 
either  side  of  the  valley.  Below  Wadena  the  flood  plain  is  one 
and  one-half  miles  in  width.  In  the  river  banks  the  gentle 
erosion  curves  of  the  shale  are  conspicuous  to  a  height  of 
nearly  one  hundred  feet  and  for  a  distance  of  one-half  mile 
back  on  either  side  of  the  channel. 
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The  shale  at  the  upper  part  of  the  Maquoketa  deposits  yields 
much  more  rapidly  to  the  agents  of  erosion  than  do  the  over- 
lying layers  of  limestone.  As  a  result  there  is  left  in  many 
places  a  narrow  shelf  of  the  limestone  somewhat  overhanging 
a  bed  of  shale.  As  portions  of  the  Niagara  materials  become 
unsupported,  large  masses  are  detached  from  the  parent 
ledge  and  creep  slowly  downward  towards  the  river  flat,  mak- 
ing ever  wider  the  gorge  of  the  stream.  Such  talus  blocks  are 
prominent  features  of  the  landscape  over  the  gently  inclined 
surface  of  the  Maquoketa  shales,  often  having  temporarily 
come  to  rest  many  feet  below  the  mass  from  which  they  were  sep- 
arated. Above  the  Maquoketa  shale  interrupted  ramparts  of 
Niagara  limestone  face  each  other  across  the  valley  of  the  river, 
which  is  here  nearly  two  miles  in  width.  From  the  top  of  this 
scarp  the  slope  rises  to  a  height  of  300  feet  above  the  level  of 
the  water. 

Trees  of  hard  maple  thrive  well  on  the  Niagara  crest  £fnd 
over  the  adjacent  slopes.  During  the  autumn  months  the  rich 
crimson  and  gold  of  the  leaves  of  the  maple  and  sumach,  mel- 
lowed by  the  softer  hues  of  the  oak  and  the  aspen,  lend  an  in- 
describable charm  to  the  picturesque  crags  and  weathered 
towers  and  peaks  that  crown  the  river  bluffs. 

The  waters  of  Otter  creek,  between  West  Union  and  Elgin, 
have  cut  a  gorge  to  a  maximum  depth  of  about  three  hundred 
and  thirty  feet.  From  about  three  miles  west  of  the  town 
of  Brainard  to  the  confluence  of  Otter  creek  with  the  Turkey 
river,  there  have  been  developed  topographic  forms  which  re- 
semble those  seen  along  the  Volga  river  in  the  eastern  portion 
of  the  county.  Passing  down  the  stream  east  of  West  Union 
the  gorge  gradually  widens  and  the  gentle  erosion  curves  of 
the  Upper  Maquoketa  shales  rise  constantly  higher  in  the  banks. 

The  Maquoketa  beds  flank  either  side  of  the  flood  plain  to  a 
maximum  height  of  about  two  hundred  feet  and  for  a  maximum 
distance  of  about  three-fourths  of  a  mile  from  the  bed  of  the 
stream.  The  precipitous  and  somewhat  interrupted  scarp  of 
Niagara  limestone  crowns  the  blufifs  on  either  side  of  the  valley. 
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The  tributaries  of  this  creek  are  usually  rather  short,  wi"t:1:i  a 
very  steep  gradient.  They  have  formed  conspicuous  allia.'^i*^ 
fans  composed  largely  of  blocks  of  Niagara  limestone  w  l:»-i«i\i 
have  been  brought  do'wn  from  the  steeper  portions  of  thecl:*^^'-^- 
nel  and  stranded  where  the  velocity  of  the  stream  was  checs  l«^*tf 
by  the  change  to  a  more  gradual  slope.  Along  the  la-'Kr-^fr 
tributaries  the  landscape  presents  features  very  similar  to  tfc»-  *>se 
that  are  encountered  in  the  channels  of  the  streams  to  wl3-i<^'' 
they  render  tribute. 


The  divide  between  the  Volga  river  and  Otter  creek,  and  that 
between  Otter  creek  and  the  Turkey  river,  are  covered  with  a 
thick  mantle  of  loess.  Here,  as  elsewhere  in  the  county,  this 
material  conforms  in  general  to  the  inequalities  of  the  pre- 
loessial  surface.  The  regions  have  suffered  extensive  erosion 
and  are  thoroughly  trenched  by  the  lines  of  drainage.  The 
topographic  relief  of  these  areas  is  unusually  great  owing  to 
the  proximity  of  the  gorges  occupied  by  the  major  streams. 
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The  valley  of  the  Turkey  river  is  an  excellent  example  of  an 
old  stream  channel  that  has  been  developed  through  long  con- 
tinued ages  of  erosion.  Throughout  its  course  in  the  county 
the  immediate  banks  vrhich  border  the  flood  plain  rise  with  a 
fairly  abrupt  slope  to  a  height  of  from  seventy-tive  to  one  hun- 
dred and  fifty  feet  above  the  water.  This  bluff  or  terrace  is 
determined  by  the  presence  of  the  indurated,  cherty  layers  of 
the  Middle  Maquoketa  deposits. 


With  the  exception  of  a  small  area  in  sections  2  and  8  of 
Aoburn  tovrnship,  on  the  west,  and  a  still  more  narrow  strip 
about  one  mile  in  width  bordering  Clayton  county,  the  region 
lying  to  the  north  of  the  river  is  a  much  trenched  and  thor- 
oughly dissected  plain.  The  surface  is  quite  deeply  loess  cov- 
ered. The  tributaries  of  the  second  and  the  third  order  have 
carved  deep  channels  in  the  comparatively  soft  shales  of  the 
Upper  Maquoketa  which  immediately  underlie  the  Pleistocene 
deposits  over  all  of  this  area.  The  characterof  the  topography 
of  this  portion  of  the  county  lying  to  the  north  of  the  Turkey 
river    is   shown  in  figure  35.    The  surface  features  are   not 
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greatly  unlike  thosp  of  the  typical  loess-Kansan  areas  in  other 
parts  of  the  state,  with  the  exception  that  here  the  superficial 
materials  are  underlain  with  nonresistant  beds  which  have 
permitted  even  the  smaller  streams  to  develop  more  conspic- 
uous trenches  than  is  usual  where  the  materials  are  more 
indurated. 

On  the  south  side  of  the  river,  for  a  distance  of  from  one-half 
to  one  and  one-half  miles,  the  surface  rises  with  a  rather  grad- 
ual slope  to  a  height  of  about  one  hundred  feet  above  the  top 
of  the  terrace  that  bounds  the  flood  plain.  Over  this  region 
the  loess  is  deep  and  the  streams  have  developed  topographic 
features  similar  to  those  encountered  over  the  area  north  of 
the  river.  This  gently  sloping,  much  dissected  strip,  which 
borders  the  river  on  the  south,  is  crowned  by  the  more  or  less 
interrupted  escarpment  of  Niagara  limestone  thirty  to  sixty 
feet  in  height.  The  resistant  Niagara  bed  determines  the  sky- 
line over  all  of  that  portion  of  the  county  lying  to  the  east  of 
Saint  Lucas,  Auburn  Mills  and  West  Union,  and  to  the  north 
of  the  town  of  Arlington  and  the  lowan  drift  border. 

A  double  rampart  or  terrace — the  upper  formed  by  the  Ni- 
agara and  the  lower  by  the  indurated  layers  of  the  Middle  Ma- 
quoketa,  the  two  being  separated  by  the  softer  erosion  curves 
of  the  Upper  Maquoketa  beds — ^is  a  characteristic  feature  of  the 
landscape,  not  only  bordering  the  south  side  of  the  Turkey 
river  and  along  all  of  the  larger  streams  which  render  tribute 
thereto  from  the  south,  but  also  in  the  extreme  eastern  and  the 
extreme  western  portions  of  the  area  north  of  the  river  where 
outliers  of  Niagara  limestone  cap  the  highest  knobs. 

This  double  scarp  is  very  conspicuous  in  the  blufifs  that 
border  the  Little  Turkey  river  between  Auburn  Mills  and  Eldo- 
rado. Further  west  in  the  southwest  J  of  section  30,  Auburn 
township,  the  low  banks  of  the  Little  Turkey  are  composed  of 
Niagara  limestone.  Large  talus  blocks  of  this  material  are 
abundant  along  the  foothills  but  the  bluffs  are  not  conspicu- 
ously high.  Indeed,  the  Niagara  here  does  not  form  prominent 
topographic  features  until  quite  a  depth  of  the  underlying  shale 
is  cut  through  by  the  streams,  at  which  time  the  resistant  cap 
of  Niagara  stands  out  in  strong  relief.     On   this  account   the 
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materials  of  the  Niagara  formation  determine  topographic 
forms  to  an  extent  out  of  all  proportion  to  the'thickness  of  the 
beds. 

Flood  Plains  and  River  Terraces. — In  the  vicinity  of  the  town 
of  Fayette  and  further  eastward,  from  the  little  village  of 
Albany  to  the  Fayette-Clayton  county  line,  the  Volga  river 
flows  in  a  broad  flood  plain  from  one-half  mile  to  more  than 
one  mile  in  width.  Just  north  of  Albany,  where  the  river  is 
joined  by  a  creek  from  the  north,  the  river  swamp  expands  into 
a  wide  plain  which  embraces  about  six  hundred  acres.  Between 
Brainard  and  Elgin  the  waters  of  Otter  creek  have  developed 
a  river  swamp  from  one-fourth  to  one-half  mile  in  width. 

The  alluvial  flats  that  border  the  above  mentioned  streams 
are  insigniflcant,  however,  when  compared  with  the  flood  plain 
that  has  been  developed  by  the  waters  of  the  Turkey  river. 
The  latter  stream  meanders  in  a  river  marsh  which  has  an 
average  width  of  more  than  one  mile.  At  Eldorado,  where  the 
river  receives  the  water  of  the  Little  Turkey,  the  streams  have 
carved  out  a  broad  amphitheater  nearly  two  miles  in  diameter. 
Another  such  expansion  of  the  flood  plain  has  been  formed  at 
Dover  Mills  where  the  width  is  not  much  less  than  that  at 
Eldo)*ado. 

Within  the  lowan  drift  plain  the  Little  Turkey  and  the  Wap- 
sipinicon  rivers  occupy  broad  depressions  that  are  not  true 
flood  plains.  These  channels  are  remnants  of  preglacial  val- 
leys that  were  successively  almost  filled  with  detritus  during 
the  invasions  of  the  Eansan  and  the  lowan  glaciers. 

Remnants  of  an  old  terrace  eighteen  to  twenty  feet  in  height 
are  encountered  at  several  points  along  the  Turkey  river.  In 
the  expansion  of  the  flood  plain  at  Eldorado  these  gravels  cover 
an  area  of  more  than  three  hundred  acres  just  east  of  the  busi- 
ness portion  of  the  town.  In  the  angle  of  the  valley  west  of 
the  village  the  terrace  is  also  conspicuous. 

About  two  and  one-half  miles  east  of  Eldorado,  in  the  vicinity 
of  the  Huntsinger  bridge,  this  old  terrace  is  continuously  ex- 
posed for  a  distance  of  nearly  one-half  mile.  At  this  place  the 
top  is  twenty  feet  above  the  level  of  the  present  flood  plain. 
See  figure  36.     Near  Dover  Mills  remnants  of  the  terrace  again 
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become  conspicuous.  The  greater  portion  of  the  town  of  Cler- 
mont stands  upon  this  gravel  train.  The  gravels  of  the  pit 
worked  by  the  Chicago,  Rock  Island  &  Pacific  Railway  Company 
near  Clermont  are  a  part  of  this  old  fluvial  deposit.  Beds  of 
gravel,  somewhat  modified  by  the  more  recent  action  of  wind 
and  water,  are  encountered  along  the  river  between  Clermont 
and  Elgin.  The  cemetery  at  Elgin  is  located  upon  a  bench  of 
this  material,  and  tlie  wagon  road  follows  on  such  a  terrace  for 
some  distance  east  of  Elgin,  to  near  the  county  line. 


no.  B*.  View  of  thegntTBl  terraceBlonstlieTarherrfTer,  near  lh«  old  Hnntalnger  bridga, two 
BDd  oDa-haU  miles  ematoIEIdoraila.  Thegravel  beaobis  tweDCyteatlnhelgbt.  The  top  ot 
the  ver/  roM;,  troD^Mined  zone  appears  a  little  beloir  the  middle. 

In  the  vicinity  of  Waucoma  these  coarse, water- laid  materials 
form  a  bench  fifteen  to  eighteen  feet  in  height,  bordering  the 
channel  of  the  Little  Turkey  river.  They  are  also  encountered 
at  the  bridge  near  the  south  side  of  section  30  of  Auburn  town- 
ship, and  at  other  points  along  this  stream. 
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To  a  height  of  a  few  feet  in  the  lower  part  of  the  terrace  the 
materials  are  highly  ferruginous  and  profoundly  oxidized,  as 
shown  in  figure  36.  The  gravels  in  the  upper  portion  are  more 
fresh  and  but  slightly  stained  with  iron. 

All  of  the  facts  seem  to  indicate  that  during  the  melting  of 
the  ice  of  the  Eansan  glacier  the  Turkey  river  was  the  line  of 
discharge  of  a  much  larger  volume  of  water  than  it  carries  at 
present.  During  this  period  of  high  water  and  excessive  trans- 
portation, the  river  deposited  a  thick  bed  of  gravel  over  the 
surface  of  the  pre-Kansan  flood  plain.  During  the  long  inter- 
val between  the  Kansan  and  the  lowan  ages  the  meanders  of 
the  river  carved  out  this  bed  of  gravel  and  lowered  the  flood 
plain  to  nearly  its  present  level,  leaving  only  disconnected 
patches  of  the  former  stream  deposit  in  the  form  of  a  low  ter- 
race along  the  sides  of  its  channel.  Once  again,  when  the 
lowan  ice  was  melting,  there  was  a  long  period  when  the 
stream  was  flooded.  During  this  interval  a  large  river  poured 
its  torrents  along  this  channel  and  formed  wide  embayments 
at  the  mouths  of  the  tributary  streams.  At  this  time  another 
blanket  of  river  gravels  was  spread  over  the  flooded  plain, 
burying  the  alluvium  of  the  bottom  lands  and  the  remnants  of 
the  Kansan  terrace  and  building  a  flood  plain  deposit  some 
feet  higher  even  than  that  formed  during  the  retreat  of  the 
Eansan  ice. 

After  the  melting  of  the  lowan  ice,  and  the  recession  of  the 
waters,  the  stream  developed  a  flood  plain  at  a  new  level  which 
was  determined  by  the  mean  volume  of  water  that  it  has  car- 
ried in  recent  years.  Its  meanders  have  removed  all  but  a  few 
scattered  fragments  of  the  materials  it  earlier  deposited,  which 
remnants  reveal  some  of  the  chapters  in  the  history  of  the 
changes  that  the  stream  has  wrought,  and  in  which  it  hzH  had 
a  share. 

The  elevation  of  the  following  places  will  give  a  general  idea 
of  the  height  above  sea  level  of  representative  points  in  the 
coantj.  The  figures  were  taken  from  Gaunett's  Dictionary  of 
Altitudes  in  the  United  States,  from  data  famished  by  the 
United  States  topographic  sheets  and  from  aneroid  readings* 
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TABLE  OF  ALTITUDES. 

Arlington 1113 

Aub«rn 970 

Brainard 919 

Clermont,  at  station 866 

Donnan 1151 

Dover  Mills,  level  of  flood  plain 863 

Eldorado 924 

Elgin 843 

Pairbank 1000 

Fayette 1003 

Hawkeye 1173 

Lima 935 

Maynard 1106 

Oelwein,  Chicago,  Rock  Island  &  Pacific  Railroad..  1049 

Oelwein,  Chicago  Great  Western  Railroad 1036 

Postville  Junction 1062 

Putnam  township,  middle 1113 

Randalia 1106 

Saint  Lucas 1060 

Scott  township,  middle 1143 

Smithfield  township,  middle 1168 

Stanley 1098 

Sumner 1060 

Wadena 877 

Waucoma 1045 

Westgate 1091 

West  Union,  Chicago,  Rock  Island  &  Pacidc  Rail- 
road    1155 

West  Union,  Chicago,  Milwaukee  &  Saint  Paul  Rail- 
road   1109 

The  lowest  point  in  the  county  is  where  the  channel  of  the 
Turkey  river  crosses  the  Fayette-Clayton  county  line  at  an 
elevation  of  775  feet  above  the  sea.  The  highest  known  point 
is  in  the  northwest  J  of  section  14  of  Windsor  township,  which 
reaches  an  altitude  of  1,285  feet.  The  maximum  topographic 
relief  in  the  county  is  not  less  than  500  feet. 
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DRAINAGE. 

The  streams  of  Fayette  county  contribute  to  three  principal 
drainage  systems,  whose  master  streams  are  the  Wapsipinicon, 
the  Maquoketa  and  the  Turkey  rivers.  The  main  lines  of  dis- 
charge were  outlined  in  preglacial  times,  but  the  cycle  of 
erosion  and  the  development  of  the  respective  basins  were  in- 
terrupted at  least  twice,  and  in  some  cases  a  third  time,  by  the 
incursion  of  an  ice  sheet  from  the  north.  Each  successive  in- 
vasion of  the  ice  choked  the  river  valleys  with  glacial  detritus, 
and  more  or  less  completely  obliterated  the  channels  of  the 
smaller  tributaries,  and  the  minor  inequalities  of  the  pre-exist-, 
ing  surface. 

The  Wapsipinicon  River. — The  Wapsipinicon  river  receives 
the  run  off  from  an  area  of  about  one  hundred  and  sixty  square 
miles  in  the  southwest  part  of  Fayette  county.  Its  tributaries 
drain  practically  the  whole  of  Jefferson,  Oran  and  Fremont 
townships,  and  the  west  half  of  Banks,  Harlan  and  Scott.  The 
chief  streams  of  this  system  in  the  county  are  the  Little  Wap- 
sipinicon river  and  Otter  creek.  The  former  flows  in  a  general 
southerly  direction  for  a  distance  of  about  fifteen  miles,  in  the 
south  part  of  the  western  portion  of  the  county. 

The  headwaters  of  the  Otter  creek  that  renders  tribute  to  the 
Wapsipinicon  river  drain  the  larger  portion  of  Harlan  and 
Jefferson  townships.  These  small  streams,  like  the  ultimate 
branches  of  all  of  the  streams  that  gather  water  for  the  Wapsi- 
pinicon river,  are  fed  by  springs  which  issue  in  the  form  of 
marshes  over  the  lowan  drift  plain.  They  follow  shallow 
depressions  that  were  formed  by  the  irregular  heaping  of  the 
drift  materials  as  the  lowan  ice  melted.  Channels  of  erosion 
have  been  but  slightly  developed  over  this  area,  except  in  close 
proximity  to  the  larger  streams.  Even  these  larger  valleys  owe 
their  present  features  almost  as  much  to  the  deposition  of  the 
drift  in  a  preglacial  channel  as  to  the  normal  processes  of  water 
action. 

The  Maquoketa  River. — Small  streams  which  owe  allegiance  to 
the  Maquoketa  river  drain  about  fifty  square  miles  of  the  town- 
ships of  Putnam  and  Scott.  These  small  creeks  are  typical 
lowan  water  courses.    Like  the  branches  which  constitute  the 
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headwaters  of  Otter  creek  and  the  Little  Wapsipinicon  river, 
they  rise  in  marshy  swales  and  follow  swamp-like  depressions 
which  wind  around  the  swells  with  many  tortuous  meanders 
and  finally  discharge  their  waters  into  another  series  of  marshes 
whose  channels  are  scarcely  more  distinct  than  those  whose 
waters  they  receive. 

The  Turkey  Rive7\ — The  Turkey  river  includes  in  its  basin 
nearly  three-fourths  of  the  surface  of  Fayette  county.  Its 
water  flows  in  an  old  valley  which,  with  an  exceedingly  sinuous 
course,  crosses  the  northeast  corner  of  Auburn  township,  the 
middle  portion  of  Dover,  the  southwest  corner  of  the  township 
of  Clermont  and  the  northeast  corner  of  Pleasant  Valley. 

The  largest  tributaries  of  the  Turkey  river  in  the  region 
under  consideration  are  the  Little  Turkey  river  and  Otter 
creek.  The  former  stream  enters  the  county  near  the  north- 
east corner  of  section  5  of  Eden  township.  It  follows  a  south- 
easterly course  down  to  the  northwest  corner  of  section  31  of 
Auburn  township.  It  then  bears  eastward  to  the  village  of 
Auburn,  whence  it  trends  towards  the  northeast  for  a  few  miles, 
its  waters  meeting  those  of  the  Turkey  river  near  the  town  of 
Eldorado,  in  Dover  township. 

The  Otter  creek  that  owes  allegiance  to  Turkey  river  takes 
its  rise  in  the  springs  and  swales  of  the  lowan  plain  near  the 
east  side  of  Windsor  township.  It  follows  a  generally  east- 
ward course  for  a  dozen  miles,  draining  the  greater  portion  of 
Union  and  the  southern  part  of  Pleasant  Valley  township,  and 
joins  the  river  near  the  town  of  Elgin.  Numerous  other 
streams  of  smaller  size  pay  tribute  to  the  Turkey  river  both 
from  the  north  and  from  the  south.  Those  from  the  north, 
which  have  worked  in  the  beds  of  the  Maquoketa  shale,  have 
developed  longer  channels  and  a  more  widely  branching  series 
of  tributaries  than  those  from  the  south,  whose  waters  have 
acted  upon  the  resistant  ledges  of  the  Niagara  limestone. 

Crane  Creek. — Crane  creek  is  the  principal  affluent  of  the 
Little  Turkey  river  in  Fayette  county.  It  flows  eastward 
across  the  southern  portion  of  Eden  township,  and  joins  its 
major  stream  near  the  northwest  corner  of  section  31  of  Auburn 
township..  It  drains  the  north  half  of  Bethel  township  and  the 
south  and  west  portions  of  Eden. 
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The  Post-Glacial  Gorge. — A  small,  southward  flowing  creek 
drains  the  western  portion  of  section  24  of  Dover  township. 
Not  far  from  the  middle  of  section  24  this  stream  debouches  in 
a  broad  valley  which  is  a  northward  extension  of  the  Turkey 
river  flood  plain.  At  this  point  the  creek  receives  tribute  of  a 
small  stream  from  the  east.  Here  its  waters  have  been  de- 
flected against  the  bluffs  which  border  the  west  side  of  the  val- 
ley, along  which  the  stream  follows  closely  for  about  seventy 
rods.      Without  any  assignable  cause  it  then   swings  quite 


Flo  B7.  Looklninp  UuiiHMt-Klaolal  EO'BcoaTTedlDthsaBleDk-TrcntoDllmntoDti.  ImmedJaMlj 
after  emergliiB  from  the  gorge  IhafctreunitnHacekdrKt-flllalaliBiinelwlilBli  mar  beieento 
the  left,  Id  the  plotDre.    MurehUonla  tru^or  appean  In  the  bed  ot  the  itream.    Sontheait  % 

ot  Hotlon  U,  Dover  tcnrnvhlp. 

abruptly  eastward.  From  a  point  not  far  above  this  elbow,  for 
a  distance  of  thirty  rods  below  the  bend,  the  stream  is  bordered 
by  fresh  ledges  of  Trenton  limestone,  twelve  to  fourteen  feet  in 
height,  and  its  waters  are  at  present  carving  constantly  deeper 
the  youthful  gorge.  About  ten  rods  above  the  wagon  bridge 
that  crosses  this  creek  in  the  southeast  ^  of  section  24,  the 
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stream  emerges  from  the  gorge,  but  crosses  a  drift-filled  valley, 
as  shown  in  figure  37.  After  continuing  to  the  east  for  a  few 
rods  it  makes  a  detour  towards  the  south  following  a  pre- 
glacial  channel  for  a  distance  of  fifty  rods.  At  this  place,  in- 
stead of  swinging  westward  in  the  ancient  valley,  the  present 
stream  persists  in  its  southward  course,  and  it  has  carved  an- 
other narrow  gorge,  to  a  depth  of  about  fifteen  feet  in  the 
resistant  beds  of  the  Galena-Trenton  stage.  This  lower  gorge 
is  about  twenty-five  rods  in  length.  From  it  the  waters  emerge 
upon  the  flood  plain  of  the  river  and  reach  the  major  stream 
through  a  broad  gravel-filled  channel  near  the  southwest  cor- 
ner of  section  19,  Dover  township. 
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General  Relations  of  Strata. 


In  the  indurated  rocks  that  are  exposed  in  B'ayette  county 
there  are  represented  three  different  systems  of  the  Paleozoic 
group,  the  Ordovician,  the  Silurian  and  the  Devonian.  Of  the 
Ordovician  system  there  are  encountered  deposits  of  the  Galena- 
Trenton  and  the  Maquoketa  stages,  which  belong  to  the  Trenton 
series.  All  of  the  Silurian  rocks  of  Iowa  belong  to  the  Niagara 
series,  and  of  these  there  outcrop  over  our  area  deposits  of  the 
Delaware  stage.  The  Devonian  rocks  of  Fayette  county  belong 
to  the  Wapsipinicon  and  the  Cedar  Valley  stages  of  the  Middle 
Devonian  series. 

During  the  many  geological  ages  that  intervened  between 
the  laying  down  of  the  last  of  the  Cedar  Valley  sediments  and 
the  invasion  of  the  glaciers,  the  surface  of  Fayette  county  stood 
above  the  sea  and  was  the  theater  of  erosion  rather  than  of 
deposition.  We  find  the  history  of  a  portion  of  this  long  inter- 
val inscribed  in  the  rocks  further  west  in  our  own  state,  and  a 
part  of  the  records  must  be  sought  in  other  portions  of  our 
continent.  During  all  of  this  time  the  agents  of  weathering 
and  erosion  were  ceaselessly  at  work.  Doubtless  the  cycle 
of  erosion  was  more  or  less  nearly  completed  again  and  yet 
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again,  only  to  be  as  often  interrupted  by  sonie  slight  shifting 
of  the  level  of  the  land.  There  is  every  reason  to  suppose  that 
the  region  was  denuded  of  many  hundreds  of  feet  of  strata  that 
once  overlay  the  uppermost  Devonian  rocks  that  now  appear  in 
the  county. 

The  records  of  this  immensely  long  period,  that  have  here 
been  preserved,  are  exceedingly  slight  when  compared  with  the 
great  length  of  the  time.  They  consist  of  deep  gorges  and 
wide  valleys  that  were  carved  by  the  streams  out  of  the  indu- 
rated beds.  Some  of  these  channels  have  since  become  par- 
tially filled  with  drift  and  many  of  them  are  completely  buried 
beneath  the  mantle  of  superficial  materials.  Even  over  the 
deeply  drift-covered  portion  of  the  area,  where  the  surface  is 
comparatively  level,  well  borings  and  artificial  excavations 
reveal  the  exceedingly  rugged  character  of  the  surface  over 
which  the  mantle  of  glacial  detritus  was  spread. 

The  Pleistocene  period  is  represented  in  Fayette  county  by 
three  different  sheets  of  drift,  together  with  beds  of  loess  and 
deposits  of  gravel,  sand,  and  alluvium.  The  respective  till 
sheets  were  deposited  during  the  invasion  of  the  pre-Kansan, 
the  Kansan  and  the  lowan  glaciers. 

The  successive  stages  of  glaciation  were  separated  by  a  long 
period  of  temperate  climatic  conditions  during  which  the  sur- 
face of  the  land  was  mantled  with  vegetation  and  peopled  with 
animal  life  very  much  as  it  was  before  the  natural  faunal  and 
floral  relations  of  recent  times  were  disturbed  by  the  advent  of 
civilized  man. 

The  following  table  shows  the  relations  of  the  different  geo- 
logical formations  that  are  known  to  be  exposed  in  the  county: 


A 


460 


GBOLOGY  OF  PAYKTTB  COUNTY. 


TABLB  OF  FORMATIOKa 


GROUP. 

BTBTIM. 

sniTn. 

BTAOX. 

BUB-BTAOl. 

Pleistocene. 

Recent. 

AUuvinm  and  loess 

Glacial . 

lowan. 

Yarmonth . 

Cenozoic. 

Kansan . 

• 

Aftonian. 

Pre-Kansan . 

Devon  iaD . 

Meso- Devonian. 

Cedar  Valley. 

Wapsipinicon. 

Upper  Davenport. 

Lower  Davenport. 

Paleozoic . 

Silurian. 

Niagara. 

Delaware. 

Ordovician. 

Trenton . 

Maquoketa. 

Upper  Maquoketa. 

Middle  Maquoketa. 

Lower  Maquoketa 

Galena-Trenton 
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Ordovician  SjrBtem. 

GALENA-TRENTON  STAGE. 

The  assemblage  of  strata  in  Iowa  that  are  included  in  the 
Galena-Trenton  stage  is  bounded  below  by  the  sandstone  forma- 
tion known  as  the  Saint  Peter,  and  above  by  the  beds  of  shale 
and  shaly  limestones  which  constitute  the  Maquoketa  stage.  The 
deposits  of  the  Galena-Trenton  were  originally  distributed 
between  two  stages,  the  Trenton  and  the  Galena.  The  lower 
group  of  strata,  in  which  limestones  and  shales  predominate, 
was  called  the  Trenton.  The  upper  beds,  which  further  south 
are  prevailingly  dolomitic,  were  designated  as  the  Galena. 

Professor  Calvin  *  has  shown  that  these  two  groups  of  strata 
constitute  one  geological  unit;  that  there  is  no  stratigraphic  or 
biologic  line  of  separation  between  them.  In  certain  places 
the  materials  have  suffered  local  alteration  which  resulted  in 
the  dolomitization  of  the  upper  beds  to  a  variable  depth. 
The  term  Galena-Trenton  is  now  applied  to  the  entire  aggregate 
of  layerg  which  are  embraced  between  the  limits  mentioned 
above. 

It  will  be  observed  from  the  foregoing  table  that  the  oldest 
rocks  exposed  in  Fayette  county  belong  to  the  Galena-Trenton 
stage.  The  materials  are  quite  pure  limestones,  light  gray  in 
color,  fairly  fine-grained  in  texture,  and  very  hard.  The  frag- 
ments break  with  a  rough  fracture  and  the  weathered  surfaces 
present  a  characteristic  chipped  and  hackled  appearance.  The 
ledges  are  cut  into  rhomboidal  blocks  of  variable  size  by 
numerous  joints.  The  dolomite  phase  that  is  developed  in  the 
rocks  near  the  top  of  this  stage  in  Dubuque  county  is  entirely 
wanting  in  our  area. 

An  aggregate  thickness  of  about  thirty  feet  of  the  rocks  of 
this  stage  is  all  that  is  exposed  in  the  county.  Outcrops  appear 
at  intervals  to  a  height  of  ten  to  fifteen  feet  above  low  water 
in  the  banks  of  the  Turkey  river,  from  a  point  some  distance 
above  Dover  Mills  down  to  a  short  distance  below  the  town  of 
Clermont.    Excellent  exposures  are  encountered  in  the  lower 

*OAlTln:   lowaQeol.  Sary.,  VoL  X,  pp.  400 «<  teg.,  DetMoiBM. 
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portion  of  the  channels  of  many  of  the  streams  that  render 
tribute  to  the  Turkey  river  between  the  points  above  men- 
tioned. The  rocks  can  be  well  studied  in  the  post-glacial  gorge 
near  Dover  Mills.  They  can  be  seen  in  the  east  bank  of  the 
river  in  sections  82  and  29  of  Clermont  township.  They  are 
well  exposed  along  the  bed  and  in  the  banks  of  a  small  creek 
that  joins  the  Turkey  river  from  the  north,  in  section  28.  They 
border  the  river  for  some  rods  both  above  and  below  the  mill- 
dam  at  Clermont,  and  they  appear  in  the  banks  of  a  dry  ran 
where  it  enters  the  corporate  limits  of  the  town  of  Clermont, 
near  the  northwest  corner.  At  the  latter  place,  where  the 
stream  is  crossed  by  a  wagon  bridge,  the  upper  layers  of  the 
rocks  of  this  stage  are  well  exposed. 

Usually  the  planes  of  sedimentation  can  scarcely  be  distin- 
guished in  the  weathered  ledges,  but  along  un  weathered  joint 
planes  the  materials  appear  to  be  disposed  in  quite  regular 
layers  which  vary  from  four  inches  to  more  than  one  foot  in 
thickness. 

In  a  zone  about  fifteen  feet  below  the  top  of  the  Galena- 
Trenton  deposits  there  occur  very  numerous  individuals  of 
Murchisonia  major  Hall  and  Fusispira  ventrieosa  Meek  and 
Worthen.  Associated  with  these  there  are  found  in  lesser 
numbers  Lophospira  sp.,  Trochonema  umbilicatum  Hall.  T.  rob- 
binsi  Ulrich  and  Scofield,  and  Fusispira  nobilis  U.  and  S.  From 
the  rocks  lying  between  this  horizon  and  the  top  of  the  Tren- 
ton stage  were  collected  Zittelella  lobata  U.  and  E.,  a  second 
species  of  sponge  that  was  undetermined,  Receptaculites  oweni 
Hall,  Ischadites  iowensis  Owen,  Lingula  iowensis  Owen,  Rafine- 
squina  yninnesotensis  N.  H.  Winchell,  Leptaena  rhomboidalis 
Wilckens,  Lophospira  fillmorensisl  U.  and  S.,  Orthoceras  sp. 
and  an  undetermined  species  of  Illaenus.  Near  the  top  the 
materials  of  this  stage  grade  up  into  a  bed  about  nine  feet  in 
thickness,  made  up  of  layers  of  gray,  crinoidal  limestone  which 
alternate  with  bands  of  calcareous  shale.  Both  the  shale  and 
the  indurated  layers  are  from  three  to  six  inches  in  thickness, 
and  both  contain  numerous  fossils,  among  which  were  found 
Streptelasma  corniculum  Hall,  Bafinesquina  alternata  Conrad,  i?. 
deltoldea   Conrad,  Plectambonites  sericea  Sowerby,   Strophomena 


MAQUOEETA   STAGS.  463 

incurvata  Shepard,  OHhis  {Dalmanella)  testudinaria  Dalman, 
and  a  variety  of  this  species  of  Orthis,  The  above  bed  is  well 
exposed  in  a  railroad  cut  a  short  distance  northwest  of  Cler- 
mont. These  layers  can  also  be  seen  in  the  banks  of  a  small 
ravine  that  discharges  from  the  east  into  the  lower  post-glacial 
gorge,  in  section  24  of  Dover  township.  They  represent  the 
transition  from  the  Galena-Trenton  to  the  Maquoketa  deposits. 

MAQUOKBTA   STAGE. 

The  strata  of  the  Maqaoketa  stage  constitute  the  uppermost 
deposits  of  the  Ordovician  system  found  in  the  state.  The  name 
Maquoketa  was  applied  to  the  rocks  of  this  stage  by  Dr.  Charles 
A.  White  from  the  fact  that  these  deposits  are  well  developed 
along  the  Little  Maquoketa  river  in  Dubuque  county.  The  term 
is  synonymous  with  the  Hudson  River  Shales*  as  used  by  Hallf, 
in  his  report  on  the  Geology  of  Iowa.  Dr.  D.  D.  Owen:j:  did  not 
differentiate  this  group  of  strata  when  he  discussed  the  geology 
of  eastern  Iowa,  but  included  them  in  the  deposits  of  the  Upper 
Magnesian  limestone. 

In  Fayette  county  the  Maquoketa  materials  immediately 
underlie  the  Pleistocene  deposits  over  nearly  the  whole  of  the 
area  north  ofjthe  Turkey  river.  They  border  that  stream  on 
the  south  over  a  strip  one-fourth  to  one  and  one-half  miles  in 
width.  They  are  seen  in  the  bed  of  Otter  creek,  and  appear  in 
its  banks  to  a  constantly  increasing  height  from  the  point  where 
they  are  first  encountered,  about  one  and  one-half  miles  east, 
and  one-half  mile  south  of  West  Union,  to  the  junction  of  this 
creek  with  the  Turkey  river.  In  like  manner  the  Maquoketa 
shale  fringes  the  channel  of  the  Little  Turkey  river  from 
Auburn  Mills  to  Eldorado.  Near  the  bridge  across  the  Little 
Turkey  river,  about  the  middle  of  the  south  side  of  section  30  of 
Auburn  township,  the  Maquoketa  shale  appears  in  the  north 
bank  of  the  river  to  the  height  of  nearly  six  feet  above  low 
water.  As  far  as  known  this  point  is  the  most  westerly  expos- 
ure of  the  Maquoketa  deposits  that  occurs  in  the  county. 


•  White:  Qeology  of  Iowa,  Vol,  I,  p.  180.  et  seq,    1870. 
t  Hall:  Qeology  of  Iowa,  Vol.  I,  part  1,  p.  04,  et  acq, 
X  Owen ;  Qeology  of  WleoonslD,  Iowa  and  Minnesota. 
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The  shales  of  this  age  appear  along  the  channel  of  the  Volga 
river  from  a  point  some  distance  southwest  of  Albany  to  the 
eastern  border  of  the  county.  These  materials  are  also  en- 
couptered  in  the  banks  of  all  of  the  larger  tributaries  of  these 
streams  between  the  points  above  mentioned. 

The  strata  of  the  Maquoketa  stage  over  this  area  fall  natu- 
rally into  three  divisions.  As  a  convenient  means  of  referring 
to  these  divisions  they  will  be  designated  respectively  as  the 
Lower,  Middle,  and  Upper  Maquoketa  beds. 

The  basal  portion  of  the  Maquoketa  beds  consists  of  alternat- 
ing layers  of  shale  and  argillaceous  limestone.  In  the  indu- 
rated layers  near  the  bottom  there  occur  very  numerous  frag- 
ments of  Isotelus  maximus  Locke  {Asaphns  iowensis  Owen). 
Towards  the  middle  of  the  Lower  Maquoketa  beds  the  calcareous 
materials  become  predominant  and  the  layers  contain  abun- 
dant remains  of  Nileus  vigilans,  and  other  species  of  trilobites. 
Towards  the  upper  part  of  the  lower  Maquoketa  the  proportion 
of  shale  gradually  increases  and  the  deposit  blends  into  a  bed 
of  blue  colored,  tenaceous  clay.  The  maximum  thickness  of 
the  Lower  Maquoketa  strata  is  about  ninety-five  feet. 

The  Middle  member  of  the  Maquoketa  deposits  is  made  up  of 
a  bed  of  cherty  limestone  which  in  some  places  is  strongly 
magnesian.  Where  the  materials  are  of  limestone,  they  are 
arranged  in  layers  three  to  six  or  eight  inches  in  thickness. 
The  chert  masses  are  usually  somewhat  segregated  along  the  lines 
of  bedding,  but  there  are  also  numerous  concretions  enclosed 
in  the  limestone  of  the  various  layers.  Where  the  rocks  are 
the  most  nearly  dolomitic,  as  at  Clermont,  the  chert  nodules 
are  very  abundant,  often  appearing  in  conspicuous  bands.  The 
thickness  of  this  member  varies  from  forty  to  sixty  feet.  It 
impresses  itself  strongly  upon  the  topography  of  the  region 
over  which  it  outcrops  on  account  of  the  indurated  character 
of  the  layers,  and  because  of  the  fact  that  immediately  above 
and  below  this  phase  the  materials  are  of  rather  soft,  incoherent 
shale. 

The  upper  division  of  the  Maquoketa  deposits  is  made  up  of 
a  body  of  quite  plastic,  bluish-gray  shale.  This  bed  carries 
numerous  crystals  of  selenite  but  it  is  practically  barren  of 
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fossils,  with  the  exception  of  a  zone  eight  to  twelve  feet  in 
thickness,  near  the  top,  where  there  are  harder,  calcareous 
bands  intercalated  between  layers  of  shale.  This  member  has  a 
thickness,  in  some  places,  of  not  less  than  one  hundred  and 
twenty-five  feet. 

The  rocks  of  the  respective  divisions  of  the  Maquoketa  stage 
are  quite  constant  in  their  lithological  characters,  and  quite 
uniformly  developed  over  all  of  the  area  of  Fayette  county  in 
which  they  are  exposed.  A  continuous  section  of  the  Maquo- 
keta beds,  from  the  base  of  the  Nileus  vigilans  zone  to  the  con- 
tact of  the  Maquoketa  with  the  overlying  Niagara  limestone, 
can  be  seen  on  passing  up  the  channel  of  Cascade  gulch,  a  small 
stream  which  joins  the  Turkey  river  about  one  mile  southo.ist 
of  the  town  of  Eldorado. 

A  consideration  of  a  number  of  exposures  will  make  clear  the 
characteristics  of  the  rocks  of  the  Maquoketa  stage  as  a  whole, 
as  well  as  those  that  distinguish  thQ  strata  of  each  of  the  three 
divisions, 

TYPIOAL  BXPOSURBS. 

The  Lower  Maquoketa  Division —Just  below  the  old  milldim 
at  Dover  Mills  the  Trenton  limestone  appears  in  the  south  bank 
of  the  Turkey  river  to  a  height  of  eight  or  ten  feet  above  the 
vmter.  A  few  rods  west  from  this  point  a  small  stream  joins 
the  river  from  the  south.  In  walking  up  the  bed  of  this  stream 
the  following  succession  of  layers  is  passed  over,  the  lov>^est  of 
which  ia  about  eight  feet  above  the  top  of  the  Trenton  limestone 
exposed  at  the  milldam. 

razT. 
6s    Bed  of  bluish  colored,  plastic  shale,  not  indurated; 
•  .1  containing  the  fossils  Rafinesquina  altemata^ 

Plectambonites  sericea,  Strophomena  incurvata, 
L.    ]  Orthis  {Dalmanella)  testudinaria,   and  Rhyn- 

chotrema  capax ^^ 

5.     Bed  of  yellowish  colored  shale,  in  places  some- 
what arenaceous,  the  lower  portion  containing 
fragments  of   yellowish,  impure  limestone  im- 
_,   J  bedded  in  a  matrix  of  shale.    The  following  fos- 

sils are  characteristic  of  this  member:  Stropho- 
mena planumbona,  Orthis  (IIeb€rtella)inscutpta, 

And<9.  (PUctorthi$)  whUHtUdi ^^ 

30 


466  GBOLOGT   OP   FAYBTTB   COUNTY. 

4.  Bed  composed  of  alternatins^  layers  of  yellowish- 
gray  shale  and  of  yellowish  colored,  impure 
limestone,  each  two  to  three  inches  in  thickness; 
argillaceous  materials  predominate  in  the  upper 
part.  The  indurated  bands  contain  numerous 
nodules  of  chert  and  carry  the  following  fossils: 
Hindia  parvaf^  PUctamSoniUs  sericea,  Orthis 
{Dalmanella)t€s(udinaria,  Rhynchoirema  inaequi- 
valzdSf  Murchisonia  gracilis  and  two  or  three 
species  of  Orthoceras 16 

3.  Bed  of  gray  limestone  in  layers  one  to  three  inches 
in  thickness,  with  thin  seams  of  yellowish  col- 
ored shale  separating  the  successive  bands  of 
limestone;  the  proportion  of  shale  increases 
towards  the  top;  the  following  fossils  are  not 
rare:  Nileus  vigilans,  Calymene  senaria  and 
Pierygometopus  callicephalus , —Nileus  vigilans 
zone 15 

2.  Bed  consisting  of  layers  of  lean,  yellowish  col- 
ored, indurated  shale,  two  to  three  inches  in 
thickness,  with  some  irregular  layers  of  lime- 
stone and  bands  of  chert  nodules  of  about  equal 
thickness  with  the  seams  of  shale.     Fossils  rare.    IS 

1.  Bed  made  up  of  layers  of  bluish  colored,  fine- 
grained, argillaceous,  limestone,  three  to  eight 
inches  in  thickness,  between  which  are  inter- 
calated bands  of  blue  colored  shale  of  about  the 
same  thickness.  The  indurated  layers  of  this 
bed  contain  very  numerous  remains  of  Isoielus 
tnaxifnus  and  a  few  other  fossils 14 

* 

The  foregoing  will  be  designated  as  the  Dover  Mills  section. 
The  entire  aggregate  of  layers  which  constitute  the  Lower 
Maquoketa  beds  are  here  represented.  The  materials  of  the 
successive  members  do  not  change  abruptly,  but  the  ratio  of 
the  shale  to  the  calcareous  constituents  increases  or  diminishes 
gradually  in  passing  from  ons  member  to  another. 

The  lower  layers  of  number  1  represent  the  basal  portion  of 
the  Maquoketa  deposits.  This  member  will  be  referred  to  as 
the  Isotelus  maximus  horizon  on  account  of  the  fact  that  the 
remains  of  this  trilobite  are  exceedingly  abundant  in  the  indu- 
rated layers.  So  numerous  are  the  fragments  of  these  individ- 
uals that  not  infrequently  a  score  of  pygidia,  glabellse  and 
cheeks  are  found  on  the  surface  of  a  slab  two  feet  square.  Not- 
withstanding the  abundance  of  the  fragments  of  this  species. 
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entire  individuals  are  exceedingly  rare.  Mr.  A.  G.  Becker,  of 
Clermont,  has  collected  a  few  almost  perfect  specimens  of  this 
species,  and  he  has  also  found  associated  with  these,  an  entire 
individual  of  a  related  species  in  which  the  cephalon  is  pro- 
longed anteriorly  into  a  peculiar  snout-like  projection,  some- 
what similar  to  that  of  the  Asaphus  extenuata  Ang."*^  The 
equivalent  of  the  rocks  of  number  1  are  exposed  below  the 
bridge  in  the  roadside,  near  the  middle  of  section  21,  Clermont 
township,  and  also  along  a  ravine  near  the  wagon  road  about 
the  middle  of  the  east  half  of  section  33.  They  are  conspicu- 
ous in  the  north  bank  of  a  small  creek  for  several  rods  before 
it  joins  the  Turkey  river,  near  the  middle  of  the  south  side  of 
section  3  of  Pleasant  Valley  township.  They  appear  in  a  bluff 
just  above  the  wagon  bridge  a  short  distance  west  of  the  middle 
of  section  35  of  the  township  of  Clermont.  The  beds  at  the 
latter  place  are  shown  in  figure  38.  They  are  here  overlain  by 
the  layers  of  the  succeeding  member.  These  beds  are  also  well 
exposed,  near  the  wagon  road,  in  the  bed  and  banks  of  a  small 
stream  about  three  miles  east  of  Elgin,  a  short  distance  beyond 
the  Fayette-Clayton  county  line.  In  all  of  the  above  mentioned 
exposures  the  remains  of  the  characteristic  fossil,  Isotelus  maxu 
tnus  Locke,  occur  in  great  abundance. 

A  bed  which  corresponds  with  number  2  of  the  Dover  Mills 
section  outcrops  along  Otter  creek  within  the  limits  of  the  town 
of  Elgin.  The  rocks  of  this  member  here  form  the  bed  of  the 
stream,  and  appear  in  the  south  bank  to  a  height  of  twelve  or 
fourteen  feet,  underlying  the  zone  of  Nileus  vigilans.  The 
wagon  road  passing  up  the  hill  north  of  Clermont  has  been  cut 
through  the  rocks  of  this  horizon,  exposing  on  either  side  a 
height  of  about  eighteen  feet.  These  materials  may  also  be 
seen  near  the  wagon  road  in  the  southeast  corner  of  section  12 
of  Pleasant  Valley  township,  and  they  outcrop  in  the  south  bank 
of  a  small  stream  in  the  northeast  \  of  section  U  of  the  town- 
ship of  Clermont.  The  rocks  of  this  member  consist  of  quite 
hard,  yellowish  colored  shale,  in  layers  from  one  to  two  or  three 
inches  in  thickness.  The  shale  is  in  places  calcareous,  and  in 
others  it  contains  an  admixture  of  sand.    Between  the  bands  of 

•SMlUrare  1803.  ZltieU*!  Tezl-Book  of  P)ftliBon%ologj.  Timiifl.'b7  O.  B.  BmIhuui,  Vol.  I, 
p.  680. 
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shale  are  intercalated  irregular  layers  of  limestone  which  carry 
a  large  number  of  chert  nodules.  The  limestone  layers  are 
about  equal  in  thickness  to  the  bands  of  shale.  The  materials 
furnish  but  few  fossils,  Lophospira  qtiadrisulcata  U.  and  S., 
Bellerophon  bilohatus  Sowerby,  Trochonemasp.,  fragments  of  two 
other  species  of  gastropods,  Orthoceras  bilineatum  Hall  and  an 
undetermined  species  of  Orthoceras  being  all  that  were  collected 
from  this  horizon. 


FlO  8a.    Bed!  or  Iiolelut  maximat  wbloh  □ 


Number  3  of  the  Dover  Mills  section  will  be  known  as  the 
Nileus  vigilans  zone.  The  limestone  layers  are  prevailingly 
thicker  than  the  bands  of  shale  that  lie  between  them.  The 
materials  are  gray  or  yellowish-gray  in  colorand  the  indurated 
layers    are    quite  hard.    The    characteristic    fossil  is    Nileus 
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vigilans  Meek  and  WortheD,  which  is  moat  abundant  near  thn 
middle  of  the  member,  but  the  species  ranges  in  lessor  num- 
bers throughout  the  bed.  Associated  with  the  above  are  found 
several  other  species  of  trilobites,  among  which  arc  liumnstuH 
orbiraudatus  BiWings,  Ceraurus  icarus  Hillings, C./>/fMmra»iMewi»M 
Green,  Calymene  senaria  Conrad,  PferyijomHopuH  calUrepliahis 
Hall,  and  a  species  of  Dalmauites.  Hesides  the  above  trilobiUtN 
the  rocks  of  this  horizon  have  furnished  Hintlia  parra  Ulrich, 


B  Um  Kwth  lai»k  «(  OH«r  «raliM  ntfa. 


Rafifififjutna  min>u-',/enfin  S.  H.  Winchell,  I'UcUimli^miU-Ji wr- 
KMuSowerby,  Strophoin'tia  lituinona  Hiilinir-,  Orihi$  fDalmandUtj 
ftstudinaria  Dalman.''/  '  lhUii':'la)  iu'.'  ulpUiliaW,  hhyrf  h'AfffUt 
capoj"  Conrad.  Trochouema  -p..  two  und*^rrxjiii*;'i  *.\^:\(-n  tA 
Ortboeeias  and  a  si»*^;ie^  of  Tr'^^jKocera-, 
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The  layers  of  the  Nileus  vigilans  horizon  are  well  exposed 
in  the  south  bank  of  the  Turkey  river,  near  the  west  side  of 
section  17  and  the  east  side  of  section  18  of  Dover  township. 
They  can  be  studied  in  the  hill  just  north  of  Postville  junction, 
in  section  2  of  Clermont  township.  They  appear  in  the  bed 
and  banks  of  a  small  stream  a  short  distance  north  of  the 
middle  of  the  east  side  of  section  13,  Pleasant  Valley  town- 
ship. Perhaps  the  best  known  exposure  is  in  the  south  bank  of 
Otter  creek,  in  the  town  of  Elgin,  where  they  appear  near  the 
top  of  the  bluff  in  an  almost  continuous  exposure  for  several 
rods  before  the  creek  joins  the  river.  The  materials  of  this 
member  can  be  well  studied  in  the  south  bank  of  the  Turkey 
river  in  the  vicinity  of  Cascade  gulch,  about  one  mile  south- 
east of  Eldorado,  where  they  are  exposed  continuously  for  a 
distance  of  several  rods. 

Number  4  of  the  foregoing  section  consists  of  alternating 
layers,  about  equal  in  thickness,  of  yellowish-gray,  arenaceous 
limestone  and  bands  of  impure,  yellow  colored  shale.  Towards 
the  top  of  the  bed  the  shaly  materials  become  predominant. 
When  they  have  been  long  exposed  to  the  atmosphere,  these 
layers  weather  down  into  a  lean,  somewhat  sandy  and  slightly 
calcareous  clay. 

The  characteristic  fossils  of  this  member  are  shells  resem- 
bling Clitambonites  diversa  ShsXer,  Rhynchotrema  inaequivalvis 
Castlenau,  Murchisonia  gracilis  Hall,  and  Orthoceras  sociale  Hall. 
Besides  these  the  layers  contain  numerous  other  fossils  among 
which  are  Hindia  parva  ?  Ulrich,  Rafinesquina  alternata  Conrad, 
R.  minnesotensis  N.  H.  Winchell,  Strophomena  planumbona  Hall, 
Flevtambonites  sericea  Sowerby,  Leptcena  unicostata  M.  &  W., 
Orthis{Dalfnanella)testudmariaDB,\mB,Uy  0.  {Hebertella)  insculpta 
Hall,  0.  {Pledorthis)  whitfieldi  N.  U.  Winchell,  0.  (FlectoHhis) 
plicatella  Hall,  Rhynchotrema  capax  Conrad,  Bellerophon  bilobatus 
Hall,  Gyronema  cf.  pulchellum  U.  &  S.,  an  undetermined  species 
of  Orthoceras,  Cyrtoceras  camarum?  Hall,  Calymene  senaria 
Conrad,  and  Pterygometop.us  callicephalus  Hall. 

The  materials  of  this  member  can  be  well  studied  along  the 
bed  of  Cascade  gulch,  near  the  southwest  corner  of  section  17  of 
Dover  township.    They  form  a  low  bluff  bordering  the  river  a 


MAQUOKETA   STAGE.  471 

few  rods  above  the  mill  at  Eldorado.  They  outcrop  towards  the 
top  of  a  hill  a  short  distance  west  of  Postville  Junction,  and  they 
are  also  to  be  seen,  above  the  beds  of  number  3,  in  the  bluff  just 
north  of  the  latter  place.  They  are  well  exposed  near  the  middle 
of  the  north  side  of  section  25  of  Dover  township.  A  bed  com- 
posed of  the  weathered  materials  of  these  layers  is  encountered 
in  the  roadway,  about  the  middle  of  the  southwest  ^  of  section 
4  in  Dover  township.  At  the  latter  exposure  there  were  col- 
lected Hindia  parva?  Dlrich,  Rqfinesquina  alternata  Conrad, 
Leptaena  sp.,  Pledambonites  sericea  Sowerby,  ClUambonites 
diversa?  Shaler,  Orthis  {Dalmanella)  testudinaria  Dalman, 
0.  {Hehertella)  insculpta  Hall,  0.  (Plectorthis)  whitfieldi,  N.  H. 
W.,  0.  {Plectorthis)  plicaiella  Hall,  Rhynchotrema  capax  Conrad, 
R.  inaequivalvis  Castlenau,  Bellerophon  sp.,  and  a  large  Orthoc- 
eras  resembling  Cameroceras  proteiforme  Hall. 

Number  5  of  the  Dover  Mills  section  consists  of  about  four- 
teen feet  of  yellowish -gray  shale  which  in  some  places  is  quite 
plastic.  Crystals  of  selenite  are  not  rare  and,  in  the  lower  por- 
tion of  the  bed,  there  are  occasional  layers  of  impure  limestone 
two  to  four  inches  in  thickness.  In  a  zone  a  short  distance  be- 
low the  middle  of  this  member  there  occurs  in  great  abundance 
well  preserved  shells  of  Orthis  {Plectorthis)  whitjieldi,  N.  H. 
Winchell.  Mr.  Winchell"*^  states  that  this  species  is  nearly 
related  to  Orthis  kankakensis  McChesney,  but  that  the  former 
species  is  less  elongated  along  the  hinge  line,  is  more  nearly 
square  in  outline,  and  bears  a  less  number  of  plications.  The 
individuals,  which  are  very  abundant  at  this  horizon  in  Fayette 
county,  possess  characters  which  ally  them  very  closely  indeed 
with  Orthis  kankakensis  McChesney. 

The  layers  of  this  member  constitute  the  typical  horizon  for 
Orthis  {Plectorthis)  whitjieldi,  although  this  fosiil  makes  its 
earliest  appearance  in  layers  considerably  lower  down,  and  it  is 
occasionally  encountered  well  towards  the  top  of  this  division. 
Orthis  {Hehertella)  insculpta  Hall,  also  occurs  the  most  abun- 
dantly in  the  layers  of  this  member.  Associated  with  these 
fossils  there  were  found  at  the  Dover  Mills  exposure  Hindia 
parva  ?  Ulrich,  Streptelasma  corniculum  Hall,  Rafinesquina  alter- 
nata Conrad,  R.  minnesotensis  N.  H.  W.,  Plectambonites  sericea 

*Wlnobell:GteoL  and  Nat.  Hist.  Snrv.,  of  Minn.  VoL  III.  Parti,  p.  48B. 
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Sowerby,  Strophomena  fluctuosa  Billings,  Orihis  (Dinortkis)  sub- 
quadrata  Hall,  0.  {DalmancUa)  tatudinaria  Dalman,  and  Bhyn- 
chotrema  capax  Conrad.  Materials  which  are  the  equivalent  of 
number  5  of  the  section  appear  along  the  road-aide  a  short 
distance  nortb  of  the  scboolboase,  and  in  the  banks  of  a  small 
stream  a  few  rods  still  further  north,  near  the  middle  of  the 
oast  side  of  section  19  of  Clermont  township.  The  layers  in  the 
east  bank  of  this  stream  are  in  places  slightly  crumpled,  as  ap- 


pears in  figure  40,  but  the  flexures  are  probably  due  to  the 
creeping  of  the  shales  under  the  pressure  from  the  hill  above. 
At  the  latter  place  the  Orlhis  {riectortliis)  whiijieldi  horizon  is 
well  exposed.  From  these  exposures  tbe  following  fossils  were 
collected:  Hind ia  par va?  Ulrich,  liajinesijitina  aUernaia  Con- 
rad, R.  minnesotensis  N.  H.  W,,  Plecfamboniies  sericea  Sowerby, 
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Strophomena    planumbona    Hall,  8.   jiuctuosa   Billings,    Orthis 

{Dinorthis)  subquadrata  Hall,  0.  {Dalmanella)  testudinaria  Dal- 

man,  0.  iHebertella)  insculpta  Hall,  0.  iPledorthis)  whitfieldi^  N. 

H.  W.,  Rhynchotrema  capax  Conrad,  R.  inaequivalvis  Castlenau, 

Murchisonia  gracilis  Hall  but   much   less  abundant  than  in 

number  4,  Bellerophon  bilobattis  Hall,  Trochonema  sp.,  Conularia 

sp.,  Orthoceras  sp.,  and  Pterygometopus  callicephalus  Hall. 

In  passing  up  Cascade  gulch,  near  £ldorado,  the  layers  of 

number  5  succeed  those  of  the  fourth  member  of  the  section 

in  their  normal  order,  and  they  may  also  be  seen  overlying  the 

layers  of  number  4,  in  the  north  bank  of  the  Turkey  river,  a 

short  distance  above  the  mill  in  the  same  town.    A  weathered 

shale  bed  of  this  horizon  appears  in  the  wagon  road  along  the 

south  bank  of  the  Little  Turkey  river  about  one  mile  west  of 

Eldorado,  near  the  middle  of  the  east  side  of  section  13,  Auburn 

township.    From  this  exposure  a  number  of  interesting  fossils 

were  collected,  among  which  were  Streptelasma  corniculum  Hall, 

an   undescribed  species  of  Streptelasma  in  which  the  septa 

unite  at  the  center  in  such  a  manner  as  to  form  a  columella- 

like  elevation  on  the  floor  of  the  calyx,  Plectambonites  sericea 

Sowerby,  Slrophoynena  planumbona   Hall,  Orihis  {Dalmanella) 

testudinaria  Dalman,  0.  {Dalmanella)  h  ambur gens  is  ?  WsXcottj 

0.  {Hebertella)    insculpta   Hall,    Rhynchotrema    capax    Conrad, 

Rhynchonella  neenah  Whitfield,  Zygospira  modesta   Say,  Z.  re- 

curvirostra  Hall,  Ctenodonta?  sp.,  Parastrophia  sp.,  and  Orthoce- 
ras sp. 

Number  6  of  the  Dover  Mills  section  represents  the  upper- 
most deposits  of  the  Lower  Maquoketa  division.  It  consists  of 
a  bed  of  blue  or  bluish-gray,  plastic  shale  about  fifteen  feet  in 
thick-ness.  At  some  points  the  shale  carries  numerous  fossils, 
while  at  others  not  far  distant  it  is  almost  barren  of  organic  re- 
mains. This  upper  phase  of  the  Lower  Maquoketa  deposits  is 
well  exposed  in  the  abandoned  clay  pit  of  the  Clermont  Brick 
arid  Tile  Company,  in  the  hill  north  of  Clermont.  At  this 
place  the  shale  bed  is  overlain  by  the  indurated,  chert-bearing 
layers  of  the  Middle  Maquoketa  division.  The  pit  from  which 
the  clay  for  the  above  mentioned  plant  is  taken  at  present  is 
worked  in  the  same  horizon,  a  short  distance  below  the  top  of 
the  member.   At  none  of  these  exposures  were  fossils  abundant. 
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Just  soath  of  a  small  wagon  bridge  near  the  line  between 
sections  19  and  20  of  Clermont  township,  the  hard,  cherty 
layers  of  the  Middle  Maquoketa  division  can  be  seen  overlying 
a  bed  of  tenaceous,  blue  colored  shale  which  corresponds  with 
number  6  of  the  section  at  Dover  Mills.  The  transition  from 
the  shale  to  the  limestone  is  abrupt,  as  is  usually  the  case 
wherever  the  contact  between  these  two  divisions  is  seen.  The 
shale  at  this  place  is  about  fourteen  feet  in  thickness  and  car- 
ries the  following  fossils:  Crania?  sp.,  Rafinesquina  fninne- 
sotensis  N.  H.  Winchell^  R.  alternata  Conrad,  Plectambonites  ser- 
icea  Sowerby,  Strophomena  flucltiosa  Billings,  Orthis{Dalmanella] 
testudinaria  Dalman,  0.  iHehertella)  insculpta  Hall,  0.  iPledor- 
this)  whitfieldiy  N.  H.  W.,  Rhynchotrema  capax  Conrad,  Ortho- 
ceras  sp.  and  a  fragment  of  a  species  of  Bumastus. 

About  two  and  one-half  miles  down  the  Little  Turkey  river 
from  the  village  of  Auburn,  just  below  the  wagon  road  near  the 
middle  of  section  24  of  Auburn  township,  a  small  stream  has 
cut  through  the  cherty  layers  of  the  Middle  Maquoketa  beds. 
From  near  the  base  of  this  zone  the  water  falls  about  fifteen 
feet,  down  to  the  level  of  the  river.  In  this  gorge  there  is  ex- 
posed a  bed  of  blue  colored  shale  immediately  underlying  the 
indurated  layers  of  the  Middle  Maquoketa.  This  shale  deposit 
is  also  the  equivalent  of  number  6  in  the  Dover  Mills  section, 
and  it  has  furnished  the  fossils,  Rafinesquina  minnesotensis^  N. 
H.  W.,  Plectambonites  sertcea  Sowerby,  Strophomena  incurvata 
Shepard,  Orthis  (Dinorthis)  pectinella  (Emmons)  Hall,  0.  (Da/- 
manella)  testudinaria  Dalman,  0.  iHebertellu)  insculpta  Hall,  0. 
{Plectorthis)  whitfieldi,  N.  H.  W.,  Rhynchotrema  capax  Conrad, 
Orthoceras  sp.,  Trochoceras  baeri  Meek,  Bumastus  sp.  and  a 
species  of  Pterygometopus. 

The  shale  deposit  of  this  same  horizon  is  also  well  exposed, 
and  attains  a  similar  development,  in  the  bed  of  Cascade  gulch 
just  below  the  hard,  cherty  layers  of  the  Middle  Maquoketa' 
beds. 

The  Middle  Maquoketa  Division. — The  entire  thickness  of  the 
indurated,  chert-bearing  layers  of  the  Middle  Maquoketa  deposit 
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is  well  exposed  in  the  banks  of  Cascade  gulch,  about  fifty  rods 
above  the  point  where  this  stream  meets  the  river.  The  sec- 
tion here  is  as  follows: 


4.  Heavy  layer  of  impure  limestone,  yellowish-gray 
in  color  and  rather  fine-grained  in  texture;  con- 
taining a  few  chert  nodules,  but  these  are  less 
abundant  than  in  the  preceding  members;  show- 
ing imperfect  planes  of  bedding 5 

3  Bed  of  impure  limestone  in  rather  even  layers  two 
to  six  inches  in  thickness.  The  layers  are  largely 
composed  of  crowded  masses  of  chert  imbedded 
in  the  limestone  matrix,  or  segregated  along  the 
lines  of  stratification;  bearing  StrepUlasma  cami- 
culum,  very  large  individuals  of  Rafinesquina 
alternata  and  of  Rhynchotrema  capax  together 
with  Orihis  {Dalmanella)  testudinaria  and  a 
second  species  of  Orthis 13 

2 .  Bed  made  up  of  quite  regular  layers  of  fine-grained, 
impure  limestone,  six  to  eight  or  ten  inches  in 
thickness;  containing  very  humerous  concretions 
of  chert,  and  having  chert  bands  intercalated 
between  the  layers  of  limestone;  the  fossils 
Rafinesquina  aliemata^  Orthis  (Dalmanella)  testu- 
dinariay  O.  {Heberlella)  inscuipia  a.nd  Rhyncho- 
trema capax  are  present 20 

1 .  Thin  layers  of  yellow  colored,  fine-grained,  magne- 
sian  limestone,  which  breaks  with  a  smooth 
fracture  and  appears  homogeneous  throughout; 
bearing  few  chert  masses,  and  containing  Lingula 
iowensiSt  and  several  individuals  of  one  or 
more  species  of  Orthoceras 7 

These  resistant  layers  stand  in  vertical  cliffs  in  the  banks  on 
either  side  of  the  stream,  and  they  appear  in  the  channel  as  an 
abrupt  declivity  over  which  the  water  flows  in  steep  cascades. 

A  bluff,  the  materials  of  which  belong  to  this  same  horizon,  is 
exposed  in  the  east  bank  of  a  small  stream  about  one-half  mile 
south  of  the  village  of  Auburn,  near  the  middle  of  section  35  of 
Auburn  township.  At  this  place  the  limestone  is  less  magne- 
sian  than  that  described  in  the  foregoing  section.  The  ledge  is 
made  up  of  even  layers  which  contain  a  large  proportion  of 
chert  in  the  form  of  imbedded  nodules  and  irregular  bands. 
Along  the  banks  of  the  Little  Turkey  river  this  phase  is  exposed 
at  a  number  of  points  between  Auburn  and  Eldorado.    The  en- 
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daring  character  of  the  materials  is  manifest  in  the  conspicuoas 
bluff  or  terrace  that  flanks  the  valley  a  short  distance  back  on 
either  side  of  the  flood  plain.  Occasionally  a  small  stream  has 
cut  a  narrow  gorge  through  this  ledge  and  has  built  a  con- 
spicQous  alluvial  fan  of  chert  fragments  where  it  debouches  on 
the  flood  plain  of  the  river.  About  three  miles  down  the  Little 
Turkey  river  from  Auburn  a  cliff  of  these  chert-bearing  layers 
of  the  Middle '  Maquoketa  phase  borders  the  east  side  of  the 
flood  plain  for  a  distance  of  twenty-five  rods  and  to  a  height  of 
about  thirty-five  feet. 


Fta.  <L  Vlerln  th«atMuidonedel>Tpltot  the  Clermont  Brisk  ud  Tile  Cjmpatij,  ihowlDetlw 
chertj.  Indnimted  Ikjen  of  the  Middle  Haqaokets  beds  overlylag  the  jriiermoat  son*  of  tba 
Lower  KaQooketk  ehkle.    Clermont,  lows. 

Near  the  extreme  northwest  corner  of  section  6  of  Dover 
township,  the  cherty  limestone  of  this  same  horizon  is  well 
exposed  in  the  banks  of  a  small  creek.  The  layers  here  are 
fairly  pure  carbonate  of  lime,  with  the  exception  of  the  great 
number  of  chert  nodules  which  they  carry.  They  are  very 
hard,  and  break  with  a  hackly  fracture     In  a  zone  correspond- 
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ing  with  number  3,  of  the  last  section  Rafinesquina  alternata 
Conrad,  was  very  abundant.  The  following  fossils  were  also 
collected  here:  Streptelasma  coi^niculum  Hall,  Lingula  iowensis 
Owen,  Rajinesquina  minnesotensis  N.  H.  W.,  R,  alternata  var. 
loxorhytis  Meek,  Leptcena  unicostata  N.  &  W.,  Strophomena 
incurvata  Shepard,  Strophomena  sp.,  Orthis  iDalmanites)  testu- 
dinaria  Dalman,  0.  {Hehertella)  insculpta  Hall,  0.  {Plectorthis) 
ivhitfieldi  N.  H.  W.,  0.  {Dinorthis)  suhquadrata  Hall,  very  large 
individuals  of  Rhynchotrema  capax  Conrad,  R.  perlamellosa 
Whitfield,  and  a  species  of  Trochonema  somewhat  resembling 
T.  nmbilicatum  Hall. 

A  bed  of  the  Middle  Maquoketa  materials,  which  is  the 
equivalent  of  numbers  1  and  2  of  the  foregoing  section,  is  well 
shown  overlying  the  upper  portion  of  the  Lower  Maquoketa 
division  in  the  abandoned  clay  pit  of  the  Clermont  Brick  and 
Tile  Company,  a  short  distance  north  of  Clermont.  See  figure 
41.    At  this  place  the  following  section  is  exposed: 


5.  Bed  of  yellow  colored  dolomite,  in  layers  one  to 
three  inches  in  thickness;  nearly  one-half  of  the 

material  of  these  layers  is  composed  of  chert  nod- 

« 

ules  and  masses  of  about  one  inch  in  thickness    8 

4 .  Massive  bed  ot  yellow  colored,  mag^nesian  limestone 
which  shows  indistinct  lines  of  bedding^,  and  con- 
tains a  large  amount  of  chert  in  the  form  of  irreg* 
ular  nodules  and  more  or  less  interrupted  bands. 
The  following  fossils  were  found  here:  Rafines- 
quina alternatay  Strophomena  sp.,  Orthis  (Dal- 
manella)  testudinaria^  O,  {Hebertella]  insculpta^ 
Rhynchotrema  capax  and  fragments  of  individuals 
of  two  species  of  Orthoceras 5 

3.  Bed  composed  of  two  layers  of  yellow  colored  dolo- 
mite, which  are  respectively  two  and  one-fourth 
and  one  and  three-fourths  feet  in  thickness.  The 
exposed  surfaces  show  numerous  cavities  from 
which  small  concretions  have  weathered .  Small 
nodules  of  chert  are  quite  numerous;  the  layers  con- 
tain Rafinesquina  alternata^  Orthis  (Dalmanella) 
testudinaria  and  Rhynchotrema  capax 4 

2.  Bed  of  arenaceo-magnesian  limestone, rather  homo- 
geneous, yellowish  in  color,  containing  but  few 
concretions  of  chert 3 

1.  Bed  of  yellowish- gray  shale,  quite  hard,  without 
evident  planes  of  stratification,  and  carrying  no 
fossils 14 
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In  the  section  given  above,  number  1  is  the  equivalent  of 
number  6  of  the  section  at  Dover  Mills.  It  represents  the  upper 
portion  of  the  Lower  Maquoketa  deposits.  Numbers  2  and  3 
together  correspond  with  number  1  of  the  section  of  the  cherty 
beds  exposed  in  Cascade  gulch,  and  represent  the  basal  mate- 
rials of  the  Middle  Maquoketa.  Numbers  4  and  5  combined  are 
readily  correlated  with  number  2  of  the  section  in  Cascade 
gulch.  The  even  and  indurated  character  of  the  layers  of  this 
division,  and  the  very  large  amount  of  chert  which  they  carry, 
make  it  an  easy  matter  to  distinguish  the  Middle  Maquoketa 
beds  from  the  shale  deposits  either  above  or  below  this  chert- 
bearing  phase.  In  our  area  the  fossil  Rafinesquina  alternata 
var.  loxorhytis  Meek  was  found  only  at  this  horizon. 

About  one  and  one-half  miles  east  of  Brainard  the  Middle 
Maquoketa  cherts  appear  to  a  height  of  twenty-five  feet  in  the 
north  bank  of  Otter  creek. 

At  a  point  eighty  rods  southwest  of  the  station  at  Brainard, 
near  the  middle  of  section  30  of  Pleasant  Valley  township,  a 
small  quarry  is  worked  in  the  south  bank  of  Otter  creek  which 
shows  the  following  succession  of  layers: 


4.     Reddish  colored  clay,  for  the  most  part  residnal; 

barren  of  organic  remains 2^ 

3.  Bed  of  yellow  to  gray  colored,  arenaceous  shale, 
becoming  blue  in  color  towards  the  top ,  with- 
out fossils Zyi 

2.  Bed  composed  of  narrow  layers  of  arenaceo-mag- 
nesian  limestone,  [yellowish -gray  in  color,  and 
quite  hard;  containing  a  large  admixture  of 
shale,  but  no  fossils 5 

1 ,  Bed  consisting  of  two  layers  of  yellowish ,  impure 
limestone,  each  about  two  feet  in  thickness; 
containing  small  masses  of  calcite  and  an  occa- 
sional nodule  of  chert 4 

In  the  foregoing  section,  number  1  represents  the  uppermost 
deposits  of  the  Middle  Maquoketa  beds,  and  corresponds  with 
number  4  of  the  section  of  this  horizon  in  Cascade  gulch, 
dumber  2  represents  the  transition  materials  from  the  Middle 
to  the  Upper  Maquoketa  deposits.  These  materials  consist  of 
five  or  six  feet  of  alternating  layers  of  arenaceo-magnesian 
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limestone,  and  lean,  somewhat  sandy,  impure  shale.  The  lay- 
ers are  four  to  eight  inches  in  thickness  and  contain  no  fossils. 
At  this  place  the  transition  to  the  shales  of  the  Upper  Maquo- 
keta  beds  is  much  less  abrupt  than  it  appears  in  the  channel  of 
Cascade  gulch.  Numbers  3  and  4  of  the  section  represent  the 
basal  portion  of  the  Upper  Maquoketa  beds. 

The  Upper  Maquoketa  Division. — The  Upper  Maquoketa  de- 
posits can  be  well  studied  along  the  banks  of  Otter  creek,  and 
in  the  channels  of  the  tributary  streams,  in  the  vicinity  of  the 
village  of  Brainard.  Near  the  middle  of  the  north  side  of  sec- 
tion 24,  Union  township,  the  creek  swings  to  the  south  and 
has  exposed  in  its  west  bank  a  thickness  of  about  fifty  feet  of 
blue,  tenaceous  shale.  The  bed  here  shows  no  trace  of  strati- 
fication, nor  does  it  contain  any  fossils.  Large,  compound  crys- 
tals of  selenite  are  quite  abundant  in  the  clay.  From  the  top 
of  this  blufF  the  inclination  is  rather  gentle  for  about  fifty  feet 
more,  up  to  the  foot  of  the  scarp  of  Niagara  limestone.  The 
base  of  the  exposure  is  about  twenty  feet  above  the  top  of  the 
Middle  Maquoketa  beds.  The  outcrop  represents  the  middle 
and  lower  portion  of  the  Upper  Maquoketa. 

At  Patterson's  spring,  about  one  mile  north  of  firainard,  the 
contact  of  the  Maquoketa  with  the  Niagara  is  well  exposed.  At 
this  point,  a  short  distance  west  of  the  middle  of  section  20  of 
Pleasant  Valley  township,  the  following  section  may  be  studied 
in  a  small  ravine: 


7.  Bed  composed  of  yellow  colored,  rather  coarse- 
grained dolomite,  in  layers  four  to  twelve  inches 
in  thickness;  containing  a  few  small  nodules  of 
chert,  and  occasional  fossils 6 

6.  Bed  of  rather  fine-grained,  yellow  colored,  mag- 
nesian  limestone,  homogeneous  in  texture,  evenly 
bedded,  and  breaks  with  clean  fracture;  con- 
taining no  fossils  or  chert  concretions 2 

5 .  Bed  composed  of  indurated  layers  of  very  fossil- 
iferous,  gray  limestone,  one  to  four  inches  in 
thickness,  which  are  separated  by  narrow, 
softer  seams  of  blue  shale  which  also  contain 
numerous  fossils 2i 


480  GEOLOGY   OF   PAYBTTE   COUNTY. 

rsiT. 

4.  Bed  in  which  the  calcareous  layers  are  less 
indurated  and  thinner  than  in  number  5  above, 
separated  by  narrow  bands  of  blue  shale.  The 
.  material  is  very  fossiliferous  throughout,  con- 
taining Leptaena  unicostata,  Orthis  occidentalism 
Tentcuulites  sterlingensis  and  other  forms U 

3.  Layer  of  rather  incoherent  shale,  blue  or  bluish- 
gray,  or  in  places  reddish-brown,  in  color;  con- 
taining very  numerous  fossils,  among  which  are 
a  branching  monticuliporoid,  Leptaena  uni- 
costatA^  Ortkis occidentalis B,n^  0,(Plaiystrophia) 
biforata  var .  acutilirata - 2 

2.     Layer  of  hard,  bluish-gray  shale;  without  fossils..      \ 

1.  Homogeneous,  blue  colored  shale,  very  soft  and 
plastic  where  soaked  with  water;  containing 
small  concretions  of  iron  pyrites,  and  but  few 
fossils 14 

The  foregoing  will  be  designated  as  the  Patterson's  Spring 
section.  Upon  following  down  the  channel  of  this  small 
stream,  a  vertical  thickness  of  nearly  one  hundred  feet  of  plastic, 
blue  colored  shale,  quite  similar  to  number  1  of  the  section, 
is  passed  over.  Number  2  is  a  band  of  shale  much  more  in- 
durated than  the  great  body  of  the  shale  seen  at  this  place. 

Numbers  3, 4  and  5  are  exceedingly  fossiliferous.  Some  of  the 
calcareous  layers  are  composed  almost  wholly  of  ramose  colonies 
of  a  monticuliporoid,  together  with  Leptaena  unicostata  Meek 
and  Worthen,  and  a  lesser  number  of  detached  valves  of  Orthis 
occidentalis  Hall.  Leptaena  unicostata  is  exceedingly  abundant 
at  this  horizon.  The  individuals  are  exceptionally  large  and 
well  preserved,  but  it  is  very  rarely  that  a  ventral  valve  shows 
any  trace  of  the  median  costa.  Besides  the  above,  the  follow- 
ing fossils  were  collected  from  these  uppermost  members  of 
the  Maquoketa  stage  at  Patterson's  spring.  Crania  sp.,  Strep- 
telasma  corniculum  Hall,  Rafinesquina  minnesotensis  N.  H.  W., 
Leptaena  sp.,  Plectamhonites  sericea  Sowerby,  Strophomena 
trilohata  Owen,  Orthis  {Ptatt/strophia)  biforata  var.  lynx  Eich- 
wald,  0.  {Platystropliia)  biforata  var.  acutilirata  James,  Rhyncho- 
treina  capax  Conrad,  Zygospira  //^ofZc^^fa  Say.,  Bellerophon  sp., 
Cyclonema  bilix  Conrad,  Tentaculites  sterlingensis  Meek  and 
Worthen,  Pterinea  (Jetnissa  Conrad,  Ambonychia  radiata  Hall, 
A.  intermedia  Meek  and  Worthen  and  Calymene  senaria  Conrad, 
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At  the  old  Rawson's  mill,  a  short  distance  north  of  the  mid- 
dle of  the  west  side  of  section  3,  Fairfield  township,  the  follow- 
ing beds  are  exposed  in  the  bluff  that  borders  Bear  creek  on 
the  east: 

rSBT. 

4.    Ledge  of  heavy  layers  of  Niagara  dolomite 16 

3.  Bed  of  graylsh-blue  shale,  near  the  top  of  which 
there  are  a  few  thin,  indurated  bands;  fossilif- 
erous  throughout,  contBining  Streptelasma  cor- 
uiculum^  Leptaena  unicosiaia,  Plectafnbonites 
sericeat  Orthis  occiden*alis  and  Rhynchotretna 
capax 14 

2.  Weathered  bed  of  gray  shale,  with  somewhat  in- 
durated bands  two  to  eight  inches  in  thickness. 
The  following  fossils  are  abundant:  Pleciam- 
bonites  sericeay  Orthis  occidentalism  O,  {Platystro- 
phia)  biforata  var.,  and  Rhynchotrema  capax, . .     18 

1.     Bed  of  blue  colored,  plastic  shale,  carrying  fine 

crystals  of  selenite,  but  containing  no  fossils  . .    35 

In  the  above  exposure  the  depth  of  the  f ossilif erous  zone  near 
the  top  of  the  Maquoketais  mach  greater  than  that  of  the  cor- 
responding phase  at  Patterson's  spring,  ten  miles  further  north. 
It  is  possible  that  a  portion  of  the  materials  that  are  exposed  in 
number  2  of  the  Rawson's  Mill  section  may  have  crept  down 
the  slope  from  a  higher  position,  and  that  in  reality  they  are  a 
duplicate  of  number  3.  There  was  no  way  of  satisfactorily  de- 
termining whether  this  is  the  case  or  not,  but  at  no  other  place 
in  the  county,  where  the  materials  of  this  horizon  are  clearly 
exposed,  does  the  fossiliferous  zone  attain  a  thickness  of  more 
than  eight  to  twelve  feet.  About  one  mile  west  of  Rawson's 
mill  a  shale  bed  corresponding  with  number  1  of  the  last  section 
may  be  seen  in  the  north  bank  of  Bear  creek.  The  materials 
here  are  blue  in  color  and  quite  plastic.  They  contain  nutner- 
ous  crystals  of  gypsum  but  no  fossils. 

Near  the  center  of  the  north  side  of  section  35  of  Auburn 
township  a  small  affluent  joins  the  Little  Turkey  river  from  the 
east.  A  few  rods  north  of  the  point  where  this  stream  dis- 
charges into  the  river  the  cherty,  indurated  layers  at  the  top  of 
the  Middle  Maquoketa  beds  are  exposed  to  a  height  of  eight 
feet  above  low  water.  Upon  walking  up  the  channel  of  the 
above   mentioned  stream  the  entire  thickness  of  the  Upper 

31 
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Maquoketa  beds  is  passed  over.  At  this  place  the  deposit  has  a 
depth  of  not  less  than  one  hundred  feet.  The  material  is  bluish- 
gray  in  color,  is  quite  plastic  and,  near  the  top,  it  contains  the 
fossils  Streptelasma  corniculum  Hall,  Leptaena  unicostata  Meek 
and  Worthen,  Pledamhonites  sericea  Sowerby,  Orthis  occidentalis 
Hall,  0.  (Plattfstrophia)  biforata  var.  acutilirata  James,  0.  (Da/- 
manella)  testudinaria  Dalman,  and  Rhynchotrema  capax,  Conrad. 
The  transition  to  the  overlying  Niagara  beds  is  well  shown  and 
the  materials  are  not  unlike  those  seen  at  Patterson's  spring, 
although  the  number  and  variety  of  fossils  is  not  so  great  as  at 
the  latter  exposure. 

Near  the  middle  of  the  south  side  of  section  21  of  Illyria 
township,  a  short  distance  northwest  of  Wadena,  the  followin}? 
succession  of  layers  may  be  seen  in  the  banks  of  a  small  ravine: 

VIST. 

6.  B«d  composed  of  layers  of  Niagara  dolomite,  s'x 
to  eighteen  inches  in  thickness,  yellow  in  color; 
containing  few  fossils 8 

5.  Layer  of  yellowish- brown  shale,  strongly  stained 
with  iron 1 

4.  Gray  colored  shale  in  which  are  present  iron- 
stained,  indnrated  bands,  three-fonrths  to  one 
inch  in  thickness,  which  are  crowded  with 
poorly  preserved  fragments  of  shells.  Fiee- 
tambonites  sericea  and  Orthis  occidentalis  were 
recognized Z% 

3.     Indurated   layers    of   limestone,   two  to   seven 
inches  in  thickness,  which  are  crowded  with 
broken  fragments  of  brachiopod  shells,  and         • 
separated  one  from  another  by  bands  of  shale.    4 

2 .  Gray  colored  shale,  containing  small  concretions 
of  iron  pyrites,  and  thin  bands  of  iron-stained 
materials;  no  fossils 3 

1.  Bine  colored,  plastic  shale  which  breaks  into 
irregular  fragments,  and  contains  no  fossils. . .  21 

In  the  above  section  numbers  1  and  2  are  the  equivalents  of 
numbers  1  and  2  of  the  section  at  Patterson's  spring.  Numbers 
3  to  5  inclusive  of  the  foregoing  section  correspond  with  the 
horizon  represented  by  numbers  3  to  5  inclusive  of  the  Patter- 
son's Spring  exposure.  Number  6  above  represents  the  basal 
portion  of  the  Niagara  limestone  at  this  place,  and  it  is  the  cor- 
relative of  numbers  6  and  7  inclusive  of  the  Patterson's  Spring 
section. 
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Another  exposure  very  similar  to  the  last  appears  in  the  bed 
of  a  ravine  near  the  southeast  corner  of  section  1,  Fairfield  town- 
ship. At  this  place  the  ledge  of  Niagara  dolomite  is  eight  feet 
in  thickness,  and  is  composed  of  quite  regular,  nonfossiliferous 
layers,  six  to  eighteen  inches  in  thickness.  Below  this  dolomite 
there  appears  about  ten  feet  of  the  uppermost  layers  of  the  Ma- 
quoketa,  consisting  of  narrow,  indurated,  calcareous  bands,  sep- 
arated one  from  another  by  seams  of  shale.  Both  the  shale 
and  the  limestone  layers  carry  numerous  individuals  of  P/ec*- 
tambonites  sericea,  Orthis  occidentalis  and  other  fossils  character- 
istic of  this  horizon.  Below  the  transition  beds  there  may  be 
seen  about  thirty  feet  of  blue  colored  nonfossiliferous  shale, 
containing  small  concretions  of  iron  pyrites. 

The  materials  of  the  Upper  Maquoketa  beds  are  also  well  ex- 
posed in  the  town  of  Saint  Lucas,  near  the  northern  limits  of 
the  county.  They  outcrop  along  the  wagon  road  in  the  hill 
upon  the  summit  of  which  the  large  Catholic  church  is  built. 
1  he  materials  at  this  place  do  not  differ  in  any  special  way  from 
those  of  the  Upper  Maquoketa  beds  at  Auburn  and  at  Patter- 
son's spring.  In  the  upper  part  there  were  found  the  fossils 
that  are  characteristic  of  this  zone  at  other  places  in  the  county. 

The  deposits  of  the  Upper  Maquoketa  beds,  and  the  contact 
of  these  with  the  overlying  Niagara  limestone,  appear  in  the 
channel  of  a  number  of  the  smaller  tributaries  of  the  Volga 
river.  Otter  creek,  the  Little  Turkey  and  the  Turkey  rivers.  As 
a  general  thing  the  contact  of  the  Niagara  with  the  Maquoketa 
shale  is  well  exposed  in  the  beds  of  these  streams,  if  no  great 
thickness  of  the  Niagara  is  present  at  the  point  where  the  water 
cuts  through  the  limestone  and  into  the  underlying  shale. 
When  the  depth  of  the  Niagara  materials  is  great,  such  contact 
is  usually  concealed  by  the  large  limestone  masses  that  have 
fallen  down  from  above,  and  which  the  waters  are  unable  to 
transport  further  down  the  channels. 

From  the  foregoing  descriptions  it  will  have  been  noticed 
that  the  lithological  characters  of  the  Upper  Maquoketa  beds 
in  Fayette  county  are  quite  unlike  those  of  the  Middle  and  the 
Lower  Maquoketa  deposits.  They  are  very  similar,  however, 
to  those  of  the  Upper  Maquoketa  materials  in  the  county  of 


484  GEOLOGY   OF   FAYBTTK    OODNTY. 

Dubaque.  In  our  area  the  assemblage  of  fossils  that  occurs  in 
the  zone  near  the  top  of  the  Upper  Maquoketa  is  also  quite 
different  from  the  fauna  of  the  Middle  or  the  Lower  Maquoketa 
beds,  but  it  is  practically  identical  with  that  of  the  correspond- 
ing horizon  further  south,  in  Dubuque  county.  Professor 
Calvin'*'  has  called  attention  to  the  fact  that  the  fauna  that  is 
found  in  the  materials  near  the  top  of  the  Upper  Maquoketa, 
in  Dubuque  county,  is  practically  the  same  as  that  which  is 
encountered  in  the  Cincinnati  shales  of  southwestern  Ohio. 
The  fossils  of  the  Upper  Maquoketa  beds  in  Fayette  county 
make  still  more  complete  the  correspondence  of  the  biologic 
contents  of  the  Upper  Maquoketa  of  Iowa  with  those  of  the 
Cincinnati  shales  in  Ohio  and  Indiana. 

From  a  comparison  of  the  foregoing  sections  a  general  sec- 
tion of  the  Maquoketa  strata  of  Fayette  county  may  be  con- 
structed as  follows: 

GBNERAL  SBCTION  OF  THE  MAQUOEBTA  SHALES. 

FB«T. 

13.  Bed  composed  of  bands  of  soft,  bluish-gray 
shale,  two  to  four  inches  in  thickness,  which 
alternate  with  thin  layers  of  limestone  one  to 
three  inches  in  thickness,  having  a  band  of 
reddish  shale  two  feet  in  thickness  at  the  base. 
The  materials  are  fossiliferous  throughout, 
containing  numerous  colonies  of  a  branching 
Monticuliporoid,  Leptaena  unicostata^  Plectam- 
honites  sericea,  Strophomena  trUobata^  Orthis 
occidentalism  0,  {Platystrophia)  hiforcUa  var. , 
Rhynchotrema  capax^  Cyclonema  biiix  and 
Ambonychia  radiata ,     8-12 

12.  Bed  of  blue  colored,  plastic  shale,  without  dis- 
tinct planes  of  bedding;  containing  small  con- 
cretions of  iron  pyrites  in  the  upper  part  and 
numerous  large  crystals  of  selenite  below; 
bearing  no  fossils 95-110 

11.  Transition  beds  from  the  Middle  to  the  Upper 
Maquoketa;  consisting  of  layers  of  yellowish 
arenaceo-magneaian  limestone,  three  to  eight 
inches  in  thickness  alternating  with  bands  of 
dry,  indurated,  impure  shale;  without  fossils      3-5 


'Calvin :    Qeology  of  Dubaqne  County,  Iowa,  Geol.  Sorv. ,  Vol.  X,  p.  444. 
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VBRT. 

10.  Massive  bed  of  yellow  colored  limestone,  which 
in  some  places  is  dolomitic,  sometimes  show- 
ing indistinct  planes  of  bedding  that  separate 
the  ledge  into  imperfect  layers,  six  to  twelve 
inches  in  thickness;  bearing  few  fossils,  and 
occasional  concretions  of  chert 5 

9.  Bed  of  impure  limestone  (in  places  dolomitic) 
made  up  of  quite  regular  layers,  two  to  six 
inches  in  thickness;  containing  a  large  quan- 
tity of  chert  in  the  form  of  nodules  and  imper- 
fect bands;  bearing  the  fossils  Streptelasma 
comicu/um,  Rafinesquina  alUmata,  R,  alter- 
nata,  var.  loxorhytis^  Leptaena  unicostata  and 
Rhynchotrema  capax 12-14 

8.  Bed  of  fine-grained,  impure  limestone,  in  even 
layers  six  to  ten  inches  in  thickness,  consisting 
largely  of  chert  nodules  imbedded  in  the  layers 
or  of  chert  bands  segregated  along  the  planes 
of  bedding;  containing  large  individuals  of  Raf- 
inesquina alternata^  Strophomena  incurvata, 
Orthis  {Dalmanelia)  Ustudinaria,  O,  {Heber- 
tella)  insculpta^  and  Rhynchotrema  caPax,,..  18-21 

7 .  Massive  bed  of  yellow  colored ,  fine-grained  dolo- 
mite, which  in  some  places  is  divided  into 
thin  layers;  containing  a  number  of  chert 
nodules,  and  bearing  Lingula  iowensis  and 
Orthoceras  sp 5-7 

6.  Bed  of  bluish  colored,  plastic,  rather  fine-grained 
shale;  in  places  containing  numerous  fossils 
among  them  Rafinesquina  aliemcUa^  R*  minne- 
sotensis,  Plectamboniies  sericea,  Strophomena 
incurvata^  Orthis  {Dalmanella)  testudinaria^ 
Rhynchotrema  capax,  and  Trochoceras  baerif. .  10-14 

5.  Bed  of  lean,  yellowish-gray  shale,  in  places 
somewhat  arenaceous;  containing,  in  the  lower 
part,  thin  bands  of  impure  limestone,  three  to 
six  inches  in  thickness;  bearing  Strophomena 
pianumdana,  Orthis  (Dinorthis)  subquadrata, 
a  (Hebertella)  insculpta  and  O,  iPlectorthis) 
whitfieldi 10-13 

4.  Bed  composed  of  layers  of  yellowish-gray  shale, 
three  to  six  inches  in  thickness,  separated  by 
bands  of  impure  limestone  about  equal  in 
thickness  to  the  seams  of  shale,  becoming  more 
calcareous  below;  bearing  numerous  nodules  of 
chert,  and  containing  Plectambonites  sericea, 
Orthis  {Hebertella)  insculpta ,  Rhynchotrema 
inaequivalvis ,  Murchisonia  gracilis,  Pterygome- 
topus  callicephalus  and  Ceraurus  pieurexanthe- 
mus  14-T6 
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3.  Nileus  vigilans  zone:  consisting  of  a  bed  of 
gray  colored  limestone  in  layers  one  to  four 
inches  in  thickness,  which  are  separateci  from 
one  another  by  thin  bands  of  gray  shale;  con- 
taining Nileus  vigilans  J  Calytnene  senaria, 
Plerygomeiopus  callicephalus  and  Ceraurus 
icarus lS-16 

2.  Bed  of  bluish  or  yellowish  colored  shale,  usually 
dry  and  indurated,  in  layers  two  or  three  inches 
in  thickness,  between  which  thin  bands  of  lime- 
stone or  irregular  seams  of  chert  nodules  are 
intercalated;  among  the  fossils  are  Lophospira 
quadrisulcata  and  Orlhoceras  bilinealum 15-18 

1.  Isotelus  maximus  zone:  composed  of  layers  of 
bluish,  fine-grained,  argillaceous  limestone, 
four  to  eight  inches  in  thickness,  alternating 
with  bands  of  bluish* gray  shale  of  about  the 
same  thickness  as  the  calcareous  layers.  The 
indurated  materials  break  with  a  smooth 
fracture  and  contain  very  abundant  fragments 
of  the  trilobite  IsoUlus  maximus 14-16 

A  study  of  the  above  section  will  show  that  the  strata  of  the 
Maquoketa  stage  in  Fayette  county  attain  a  maximum  thick- 
ness of  about  two  hundred  and  sixty  feet.  Numbers  1  to  6 
inclusive  constitute  the  Lower  Maquoketa  beds  which  have  a 
thickness  of  more  than  ninety  feet.  Numbers  7  to  11  inclusive 
belong  to  the  Middle  Maquoketa  division,  with  a  thickness  of 
about  fifty  feet.  Numbers  12  and  13  represent  the  deposits  of 
the  Upper  Maquoketa  which  have  a  maximum  thickness  of 
about  one  hundred  and  twenty  feet. 

The  fossils  of  the  Maquoketa  are  of  more  than  usual  interest 
both  on  account  of  the  number  and  variety  of  the  forms  and 
from  the  fact  that  the  fauna  of  the  Upper  Maquoketa  beds  pre- 
sents such  a  marked  contrast  with  that  of  the  Middle  and  Lower 
Maquoketa  divisions.  Below  is  given  a  list  of  the  more  com- 
mon species  that  occur  in  Fayette  county.  These  will  furnish 
a  general  idea  of  the  forms  of  life  that  flourished  in  this  por- 
tion of  that  old  Ordovician  sea. 
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VOSSIL8  or  TBE  MAQUOEBTA  8HALB9. 

Astylospongia?  sp.t 
Hindia  pan^a  Uirtch .  t 
Sirepielasma  cornicuium  Hall.*  t  t 

Streptelasmasp.t 

Lingula  iowensis  Owen.t  t 

Crania  8p.* 

RaHnesquina  aliemata  Conrad.*  X  t 

A^.  aliemata  var.  loxorhyiis  Meek.t 

R,  minnesotensis  N.  H.  Winchell.*  %  t 

Leptitna  unicostata  Meek  and  Worthen.*  | 

Piectambanites  sericea  Sower  by.*  %  t 

Sirophomena  planumbona  Hall .  t 

S.fluctuosa  Billings. t 

5^  incurvala  Shepard.t  t 

5*.  triiodaia  Owtn.* 

Strophomena  sp.  t 

Cliiambonites  diversa  ?  Shaler.t 

Parastroptaia  sp.t 

Orthis  (Dinorihis)  subquadrata  Hall.f 

O.  (Dinorthis)  pectinella  (Emmons)  Hill.f 

O  ocddentalis  Hall.* 

a  (Hebertella)  insculpta  Hall.t  t 

O.  {Plectorthis)  whitfUldi  N.  H.  Winchell.t 

O.  {PUctorthis)  plicaUlla  Hall.t 

a  {Pleciofikis)  fissicosia  Hall.t 

O  {Dalmanella)  Ustudinaria  Dal  man.*  X  t 

O  (DalfHanella)  kamburgensis  Walcott.t 

O.  {Plaiystrophia)  biforata  var.  lynx  Bichwald.*  t 

O.  (Plaiystrophia)  biforata  var.  acutilirata  James  * 

Rhynchotretna  capax  Conrad.*  X  t 

R.  perlamellosa  Whitfield,  t 

R,  inaguii/alvis  Castlenan .  t 

Rhynchofulla  neenah  Whitfield. t 

Zygospira  modesta  (Say)  Hall.*  t 

Z,  recurvirostra  Hall.t 

Murchisonia  gracilis  Hall.t 

/  ophospira  cf .  conoidea  U .  * 

L,  quadrisulcata  U.  &  S.t 

BeiUrophon  bilobatus  Sowerby  t 

Bellerophon  sp.t 

Helleotoma  sp«* 

Trochonema  umbilicatum  Hall.t 

Trochonema  sp.t 

GyronemapuUhillum  f  W.  and  S.t 

Cyclonema  bilix  Conrad.* 


^Ootieoled  from  the  Upper  Maqnoketa  beds. 
X  Foniid  In  the  Middle  ICaqnoketa. 
t  Ooear  In  the  Lower  Maqnoketa. 
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Holopta  cf.   couciunuia  U.  &  S.f 

Tentaculiies  sterlingensis  Meek  and  Worthen.* 

Conularia  sp.f 

Fierinea  demissa  Conrad.* 

Amdonychia  radiaia  Hall.* 

A .  intermedia  Meek  and  Worthen .  * 

Ambonychia  sp .  * 

Orthoceras  sociale  Hall.t 

O,  bilineatum  Hall.f 

Orthoceras  sp.f 

Cameroceras  proUifarme  Hall .  t 

Cyrioceras  camarum  f  Hall .  t 

Trochocerasf  baeri  M.  &  W.* 

Gyroceras  sp.f 

Isoielus  maxifHus  Locke,  t 

Isotelus  sp.f 

Bumasius  orbicaudatus  Billings,  t 

Nileus  mtcilans  Meek  and  Worthen.  t 

Calymene  senaria  Conrad.*  t 

Ceraurus  icarus  Billings,  t 

C  pleurexanthemus  Green.f 

Pteryfromeiopus  callicephalus  Hall.f 

Dalmanites  sp.f 


The  presence  of  an  impervious  body  of  shale  beneath  tho 
porous,  and  more  or  less  jointed  beds  of  Niagara  limestone 
determines  a  zone  of  springs  along  the  lind  of  contact  of  th^ 
Niagara  with  the  Maquoketa  shale.  Occasionally  as  at  the  Fall- 
ing Spring,  shown  in  figure  42,  the  water  issues  a  few  feet  abov0 
the  base  of  the  Niagara.  In  such  places  it  would  seem  probable 
that  a  large  mass  of  the  limestone  had  slipped  downward  from 
its  original  position,  owing  to  the  more  rapid  weathering  of  the 
shales  upon  which  it  rested.  In  that  event  the  water,  which 
further  back  in  the  bank  follows  near  the  line  of  contact, 
would  find  a  ready  outlet  along  the  planes  of  bedding  when  it 
encountered  the  ledge  of  Niagara  limestone. 


•Collected  from  the  Upper  Maquoketa  beds. 
I  Found  in  the  Middle  Maquoketa. 
iOccur  In  the  Lower  Maquoketa. 
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Niagara  SerieB. 

DELAWARE  STAGE. 

The  rocks  of  the  Delaware  stage  immediately  underlie  tbe 
superficial  materials  over  an  exceedingly  irregular  area  in  the 
northern,  eastern  and  southern  portions  of  Fayette  county.  By 
referring  to  the  Geological  map  it  will  be  seen  that  they  are 


fro.  4S.    FbIUds  Bpriog  nt 


present  over  the  greater  portion  of  Auburn  township,  except 
where  they  have  been  eroded  in  the  development  of  the  gorges 
occupied  by  the  Turkey  and  Little  Turkey  rivers.  The  most 
westerly  appearance  of  the  Niagara  limestone,  in  the  northeru 
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portion  of  the  county,  is  in  the  bed  and  banks  of  Crane  creek 
near  the  middle  of  section  34,  Eden  township,  where  it  outcrops 
to  a  height  of  a  few  feet.  Following  down  the  creek  from 
this  point  the  Niagara  disappears  for  a  distance  of  a  mile  and 
one-half,  after  which  it  is  again  seen  in  the  banks  more  or  less 
continuously  down  to  the  junction  of  this  stream  with  the  Little 
Turkey  river. 

The  Delaware  deposits  appear  in  the  extreme  northeast  corner 
of  Windsor  township,  and  in  section  25  of  Eden.  They  are 
present  over  the  area  south  of  the  Turkey  river,  in  the  town- 
ships of  Dover,  Clermont  and  Pleasant  Valley.  They  cap  a  few 
disconnected  knobs  in  sections  24,  25  and  26  of  Clermont  town- 
ship, and  sections  1  and  12  of  Pleasant  Valley.  They  are  the 
uppermost  indurated  rocks  in  the  northern  and  eastern  portions 
of  Union  township,  the  eastern  portion  of  Westfield  and  Smith- 
field,  and  the  whole  of  the  townships  of  lUyria  and  Fairfield. 
The  unconsolidated,  mantle  materials  that  appear  at  the  sur- 
face over  all  of  the  southern  tier  of  townships,  with  the  excep- 
tion of  the  extreme  southwest  corner  of  Oran,  probably  rest 
upon  these  enduring  layers  of  the  Delaware  stage.  The  strata 
of  the  Niagara  do  not  attain  anything  like  the  thickness  in 
Fayette  county  that  they  do  further  to  the  southeast  in  the 
county  of  Delaware,  where  they  reach  a  thickness  of  more  than 
two  hundred  feet.  It  seems  certain  that  the  aggregate  thick- 
ness of  the  Niagara  limestone  constantly  decreases  towards  the 
northwest,  from  the  southern  border  of  Fayette  county.  At 
the  "Devil's  Backbone,"  about  two  miles  southeast  of  West 
Union,  the  complete  section  of  the  Niagara  may  be  seen  within 
a  distance  of  fifty  rods.  At  this  place  the  entire  thickness  of 
the  beds  does  not  exceed  seventy  feet. 

In  the  wagon  road  a  short  distance  east  of  the  middle  of  sec- 
tion 33  of  Auburn  township,  the  Devonian  limestone  appears 
in  the  top  of  the  hill  as  one  approaches  the  Little  Turkey  river 
from  the  south.  At  a  distance  of  eight  rods  from  this  place 
the  Maquoketa  shale  is  exposed  in  a  small  ravine  to  a  height 
of  twenty  feet  above  the  level  of  the  river,  and  it  is  succeeded 
by  a  cliff  of  Niagara  limestone.  The  thickness  of  the  Niagara 
beds  at  this  place  does  not  exceed  forty  feet. 


» 
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A  few  rods  east  of  the  wagon  bridge,  near  the  middle  of  the 
south  side  of  section  80,  Auburn  township,  about  six  feet  of  the 
Maquoketa  shale  outcrop  in  the  north  bank  of  the  river.  The 
flood  plain  here  is  bounded  by  low  bluffs  of  Niagara  limestone 
to  a  height  of  thirty  feet  above  the  bed  of  the  stream.  One 
mile  to  the  southwest  from  this  place  the  top  of  a  ledge  of  Ni- 
agara appears  in  the  north  bank  of  Crane  creek  fifteen  feet 
above  the  water  and  it  is  overlain  by  about  twenty  feet  of  De- 
vonian limestone.  It  would  seem  probable  that  in  this  vicinity 
the  Niagara  strata  are  not  more  than  twenty-five  feet  in  thick- 
ness. Still  further  towards  the  northwest,  in  Winneshiek  and 
Howard  counties,  the  Niagara  limestone  has  in  places  entirely 
faded  out,  and  the  Maquoketa  shales  are  immediately  suc- 
ceeded by  strata  of  Devonian  age.* 

Over  the  southern  portion  of  the  county  the  Niagara  lime- 
stone is  a  rather  coarse-grained,  yellowish-brown  dolomite.  In 
some  places  it  contains  an  admixture  of  sand,  and  it  usually 
carries  a  large  number  of  chert  nodules.  In  the  vicinity  of 
West  Union  the  material  is  often  a  fine-grained,  very  hard 
limestone,  light  gray  .in  color,  and  contains  a  very  large  amount 
of  chert  concretions.  Near  the  small  town  of  Auburn  the 
Niagara  is  prevailingly  a  gray  limestone  which  reacts  vigor- 
ously with  cold  hydrochloric  acid.  The  layers  are  two  to  six 
feet  in  thickness.  They  are  somewhat  vesicular,  and  show  no 
traces  of  lamination  planes.  They  are  very  hard  and,  when 
broken,  they  cleave  as  readily  in  one  direction  as  another  into 
fragments  of  irregular  shape. 

The  absence  of  dolomitization  and  the  remarkable  purity  of 
the  Niagara  limestone  in  this  vicinity  will  appear  from  an 
analysis  of  representative  samples  taken  from  the  blocks  of 
Niagara  that  overlook  the  village  of  Auburn  from  the  east. 
The  analysis  was  made  by  the  Survey  Chemist,  Prof.  L.  G. 
Michael,  and  shows  the  following: 

Calcium  carbonate.  Ca  COg  98.52 

Silica.  SiO, 68 

Alnmina  and  iron.  Ala  O,,  Pe,  O3 50 


•Calvin:  lowaGeoL  Snrv.,  Vol.  XIU,  pp.  47  and  4a 
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Here,  as  everywhere,  the  enduring  ledges  are  cliff-forming 
to  a  remarkable  degree.  Where  a  region  has  suffered  exten- 
sive erosion  they  impress  themselv.es  upon  the  topography  to 
an  extent  out  of  all  proportion  to  the  thickness  of  the  beds. 

Exposures. — In  the  northeast  J  of  section  24,  Clermont  town- 
ship, Mr.  Wilkes  Williams  operates  a  quarry  in  the  lower  layers 
of  the  Niagara  limestone.  The  section  at  this  place  is  as 
follows: 


I  8.     Bed  of  reddish  colored  clay,  larg^ely  residual,  bat 

containing  occasional  pebbles  and  small 
bowlders  of  g^reenstone  and  s^ranite 3 

7.  Bed  of  much  decayed,  yellow  colored  dolomite, 
containing  very  abundant  nodules  of  chert;  long 
exposed  surfaces  present  numerous  cavities 
from  which  chert  masses  have  weathered;  lami- 
nation planes  irregular,  and  imperfectly  de- 
veloped, indicated  by  bands  of  chert 14 

6.  Layer  of  coarse-grained,  yellow  colored  dolomite, 
which  contains  a  large  amount  of  chert  in  the 
upper  part 2 

5.  Heavy  ledge  of  dolomite,  yellow  in  color  and 
rather  coarsely  granular  in  texture,  without 
chert 31 

4.     Layer  of  coarse-grained  dolomite,  yellow  in  color, 

containing  no  chert 1 

3.     Regular  layer  of  rather  fine-grained   dolomite, 

without  chert 1| 

2.  Layer  of  yellow  colored  dolomite,  resembling 
number  1  in  texture;  two  and  one-half  feet  in 
thickness  at  the  south  end  of  the  quarry,  in- 
creasing to  four  feet  in  thickness  at  the  north 
end 4 

1 .  Heavy  ledge  of  homogeneous,  fine-grained  dolo- 
mite, with  no  tendency  to  split  along  planes  of 
•  lamination,  and  containing  no  fossils  or  chert 

nodules;  increasing  in  thickness  toward  the 
north 4 

The  first  member  of  the  foregoing  section  rests  upon  the  top 
of  the  Maquoketa  shale,  and  represents  the  basal  layer  of  the 
Niagara  limestone.  This  layer  together  with  numbers  2  and  3 
have  an  even  texture,  and  carry  no  fossils  or  chert  masses. 
They  furnish  excellent  materials  for  sills,  water  tables  and 
general  range  work.    The  stone  is  quarried  in  large  blocks,  and 


fc-  • 
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then  sawed  into  any  dimensions  desired.  These  members  sup- 
ply all  of  the  material  for  dressed  stone  and  sawed  work  that 
the  quarry  produces.  Numbers  4  and  5  are  also  free  from  chert, 
and  furnish  stone  suitable  for  bridge  copings  and  general 
masonry.  No  use  is  made  of  the  upper  layers  in  which  chert 
masses  are  numerous  and  cavities  abundant. 

Number    8    consists    of  a  tough  red  clay    in  which  are 
mingled  chert  fragments  and  occasional   pebbles  and  small - 


•aeUoB  U,  DbIob  tmmahlp. 
Ikjatte  ooanlr. 


bowlders.  The  clay  is  largely  a  product  of  rock  decay  in  situ, 
to  which  the  name  ''geest"  has  been  applied.  Such  residual 
products  are  frequently  eiposed  along  the  hillslopes  over  the 
Niagara  area. 
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If  the  lower,  fine-grained,  quarry-stone  layers  persist  to  the 
southward,  they  thin  out  quite  rapidly.  In  the  Patterson's 
Spring  section  number  6,  which  consists  of  layers  of  fine-grained, 
homogeneous  materials  having  an  aggregate  thickness  of  two 
feet,  seems  to  be  all  that  corresponds  with  the  lower  fourteen 
feet  of  quarry  stone  in  Williams'  quarry. 

A  large  amount  of  chert  is  usually  present  throughout  the 
middle  portion  of  the  Niagara  beds  in  Fayette  county.  This 
characteristic  is  conspicuous  at  the  old  Williams  and  Davis 
quarry,  which  has  been  opened  in  the  north  bank  of  Otter 
creek,  near  the  northeast  corner  of  section  22  of  Union  town- 
ship. The  characters  of  the  strata  appear  in  figure  43.  The 
following  succession  of  layers  is  exposed  here: 

FXET. 

8.     Layer   of  impure  limestone,   yellowish  s^ray  in 

color,  and  fine-grained;  no  chert H 

7.  Ledge  of  gray  colored,  very  hard  limestone,  in 
places  showing  a  tendency  to  separate  into  lay- 
ers eight,  three,  two,  four  and  eight  inches  in 
thickness  respectively;  without  fossils,  and  con- 
taining no  chert 2 

6.     Much  shattered  layer  of  gray  limestone,  contain- 
ing a  very  large  amount  of  chert  in  the  form  of     * 
nodules  and  irregular  masses U 

5.  Layer  of  dense,  fine-grained  limestone,  gray  in 
color,  without  fossils,  almost  free  from  chert 
in  the  middle  portion 1 

4.  Bed  of  gray  limestone  consisting  of  layers  two  to 
four  inches  in  thickness,  which  are  separated 
from  one  another  by  bands  of  chert 4 

3.  Bed  of  fine-grained,  gray  limestone,  in  two  layers 
one  and  one-third  feel  and  one  foot  in  thickness; 
containing  much  chert  and  separated  by  a  chert 
seam 2i 

2.  Massive  layer  of  gray  limestone, 'containing  a  very 
large  amount  of  chert  in  the  form  of  bfinds  and 
imbedded  nodules 3i 

1.  Bed  of  gray,  cherty  limestone,  in  layers  three  to 
six  inches  in  thickness 4 

In  the  above  section  the  horizon  of  number  1  is  very  near 
that  of  the  top  of  number  7  in  the  Williams'  Quarry  section. 
The  very  great  amount  of  chert  which  the  layers  contain  ren- 
ders them  unfit  for  use  except  as  riprap,  ballast  or  macadam. 
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The  materials  id  this  quarry  are  not  dolomitized  with  the  ex- 
ceptioD  of  a  zone  a  few  feet  in  thickness  near  the  top.  The 
rock  is  very  fine-grained  and  sub- crystalline  in  texture.  In  the 
first  member  there  is  a  zone  in  which  indistinct  traces  of  a 
coral  having  very  small  tubes,  or  of  a  Strom atoporoid,  are  very 
abundant,  but  in  the  process  of  alteration  which  the  rocks 
have  undergone  the  structure  of  the  fossils  has  been  largely 
obliterated. 


Ad  abandoned  quarry  in  the  northeast  \  of  section  21  of  Fair- 
field towDsbip  shows  a  ledge  of  chert -bearing,  nonfossiliferous 
layers  which  belong  to  the   upper  portion   of  the    Niagara 
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deposits,  and  which  are  probably  the  equivalent  of  the  layers 
seen  in  the  Williams  and  Davis  quarry.  Materials  similar  to 
the  above  are  also  encountered  along  a  stream  a  short  distance 
north  of  Arlington. 

A  few  rods  west  of  the  Williams  and  Davis  quarry,  a  cliff  of 
Niagara  limestone,  sixty  feet  in  height,  is  exposed  in  the  north 
bank  of  the  creek,  see  figure  44.  That  the  basal  layer  in  this 
bluff  is  but  a  very  few  feet  above  the  Maquoketa  shale,  if  in- 
deed it  does  not  rest  upon  the  Maquoketa,  is  shown  by  the  fact 
that  fifteen  rods  down  the  creek  from  this  point  the  shale 
appears  in  the  bank  to  a  height  of  eight  feet  above  the  water. 
That  the  uppermost  layer  of  the  bluff  is  only  a  very  few  feet 
below  the  base  of  the  Devonian,  if  its  horizon  is  not  immediately 
below  the  Devonian,  appears  from  the  fact  that  in  the  railroad 
cut,  about  thirty  rods  southwest  of  this  point,  the  top  of  the 
Niagara  is  well  exposed  at  no  greater  altitude  than  the  top  of 
the  bluff.  In  the  cut,  the  Niagara  is  succeeded  by  a  bed  of  fine- 
grained, finely  laminated  Devonian  limestone,  four  and  one- 
half  feet  in  thickness.  It  seems  certain  that  the  aggregate 
thickness  of  the  Niagara  strata  in  this  region  is  not  more  than 
seventy  feet. 

Few  fossils  were  found  in  any  of  the  above  mentioned  ex- 
posures of  the  Niagara,  and  none  of  these  were  suflSciently  well 
preserved  for  identification.  Where  the  layers  outcrop  in  a 
nearly  east  and  west  direction,  in  the  bluff,  they  appear  hori- 
zontal, as  is  shown  in  figure  44.  Where  these  layers  are  seen 
in  a  north  and  south  direction,  in  the  railroad  cut,  their  posi- 
tion is  also  nearly  horizontal,  but  they  present  gentle  undula- 
tions six  inches  to  one  foot  in  vertical  height.  That  portion  of 
the  Niagara  immediately  underlying  the  Devonian  in  this  cut 
could  not  be  satisfactorily  studied,  on  account  of  the  steepness 
of  the  face  of  the  ledge. 

The  uppermost  layers  of  Niagara  limestone,  and  the  succeed- 
ing Devonian  strata,  can  be  observed  under  more  favorable  con- 
ditions aibout  three  and  one-half  miles  south,  and  one  and  one- 
half  miles  west  of  this  cut.  There  is  a  continuous  outcrop  for 
several  rods,  in  the  south  bank  of  a  small  creek,  a  short  dis- 
tance east  of  the  center  of  section  5,  Westfield  township.  The 
layers  are  as  follows: 
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7.  Bed  composed  of  frag^ments  of  drab  colored, 
fine-grained  limestone,  imbedded  in  a  matrix  of 
calcareous  material  which  is  also  fine-graioed 
in  texture  but  lighter  in  color,  without  fossils; 
the  layers  show  slight  undulations.  Lower 
Davenport  breccia. . . , , 12 

6.  Bed  composed  of  fine-grained,  yellowish  colored 
limestone  which  is  very  finely  laminated;  upon 
weathering  the  material  splits  along  the  lamina- 
tion planes  into  thin,  fissile  fragments;  without 
fossils.  A  few  feet  at  the  top  somewhat  talus- 
covered  9 

5 .  Irregular  band  of  yellow  colored  dolomite ,  coarse- 
grained in  texture,  in  places  appearing  some- 
what arenaceous;  nonfossiliferous H 

4.    Bed  of  yellow,  impure  dolomite,  in  layers  fo«r  to 
eight  inches  thick;  bearing  some  chert,  and 
containiug    Favosites   favosus    and     Halysites 
catenulatus, 3 

3.  Bed  of  vesicular  dolomite,  coarsely  granular  in 
texture,  and  yellow  in  color,  made  up  of  layers 
two  to  six  inches  in  thickness,  which  contain 
Favosites  favosus  and  Halysites  catenulatus 
besides  a  number  of  brachiopods;  nodules  of 
chert  are  not  rare 5 

2.  Layer  of  porous,  yellowish-brown  dolomite,  con- 
taining many  concretions  of  chert,  and  bearing 
the  fossils  Favosites  favosus^  Halysites  catenu- 
latus and  a  species  of  Orthoceras 1  i 

I.  Layer  of  yellowish -brown  dolomite,  somewhat 
sandy  in  places,  containing  chert  concretions; 
to  level  of  the  water li 

In  the  above,  which  will  be  referred  to  as  the  Niagara-Devo- 
nian Contact  section,  numbers  6  and  7  represent  Devonian 
limestone.  The  line  of  separation  of  the  Niagara  from  the 
Devonian  would  be  drawn  between  numbers  5  and  6.  The 
change  in  the  lithology  of  the  materials  above  and  below  this 
line  is  very  marked.  The  Niagara  layers  embrace  numbers  1 
to  5  inclusive.  The  material  is  coarsely  granular,  and  in  some 
parts  of  the  exposure  it  is  distinctly  arenaceous.  The  rock  is 
a  yellowish-brown  dolomite  and  contains  such  characteristic 
Niagara  fossils  as  Streptelasma  spongaxis  Rominger,  'Favosites 
favosus  Goldfuss,  F.  niagarensis  Hall,  Half/sites  catenulatus 
Linn.,  Orthothetes  subplana  Conrad,  Orthis  flahellites  Hall,  Vncin- 
ultis  stricklandi  Sowerby,  Homceospira  apriniformis  Hall,  and 
Camarotcechia  neglecta  Hall. 

32 
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Niagara  layers  belonging  to  the  same  horizon  as  numbers  1 
to  5  of  the  foregoing  section,  are  well  exposed  at  the  Westfield 
bridge,  in  the  northwest  J  of  section  29,  Westfield  township. 
At  this  place  there  is  a  thickness  of  twenty -two  feet  of  yellow, 
vesicular  dolomite  which  carries  numerous  chert  nodules,  and 
contains  Favosites  favosus  Goldfuss,  Halysites  catenulatus  Linn, 
and  other  characteristic  fossils  of  the  Delaware  stage.  The 
Niagara  is  here  succeeded  by  a  ledge  ot  Devonian  limestone, 
fifty  feet  in  height.  On  account  of  the  excellent  exposure  of 
Devonian  strata  overlying  the  Niagara  at  this  place,  a  detailed 
description  of  the  outcrop  will  be  given  under  the  discussion 
of  the  Devonian  deposits. 

A  bed  of  impure  dolomite,  ten  feet  in  thickness,  is  exposed 
along  the  banks  of  Otter  creek,  near  Oelwein,  in  the  northeast 
J  of  section  29,  Jefferson  township.  The  ledge  shows  im- 
perfect lines  of  bedding.  It  is  quite  vesicular.  In  places  it 
contains  an  admixture  of  sand  and  carries  a  number  of  small 
calcite  geodes.  The  following  fossils  were  collected  from  these 
layers,  Zaphrentis  stokesi  Ed.  &  H.,  Favosites  favosus  Goldfuss, 
Halysites  catenulatus  Linn.,  Syringopora  sp.,  and  casts  of  small 
individuals  of  Pentamerus  oblongus  Sowerby. 

Two  miles  north  of  the  town  of  Fairbank,  near  the  south- 
west corner  of  section  20,  Oran  Township,  a  bluff  of  dolo- 
mite borders  the  east  bank  of  a  branch  of  the  Wapsipinicon 
river  for  a  distance  of  several  rods.  The  exposure  here  shows 
the  following  layers: 

FXXT. 

5.    Bed  of  moderately  coarse  sand 4i 

4.     Gravels,  which  are  in  places  much  iron-stained...     3i 
3.    Residual  material  of  a  much  weathered  bed    of 
dolomite,  containins^  Favosites  favosus,  Haly- 
sites  catenulatus^  Lyellia  americana  and  Alveo- 
lites undosus 2 

2.  Ledge  of  coarse-grained,  yellowish-brown  dolo- 
mite .  which  weathers  into  layers  three  to  six 
inches  in  thickness,  and  contains  fossils  similar 

to  number  3  above 7 

1.  Massive  ledge  of  yellow  dolomite,  coarse-gr&ined 
in  texture,  carrying  nodules  of  chert,  and  con- 
taining Favosites  favosus,  Halysites  catenulatus, 
Syringopora  sp.  and  Lyellia  americana 8 
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Materials  which  correspond  with  those  of  the  above  section 
outcrop  along  the  south  bank  of  a  small  stream,  about  one  mile 
northeast  of  Fairbank,  on  land  owned  by  Mr.  Oscar  Constantino. 
Imperfect  exposures  of  weathered  Niagara  materials  of  this 
same  horizon  are  encountered  at  a  number  of  points  along  the 
streams  in  sections  16,  20  and  21  of  Oran  township. 

The  rocks  in  the  above  mentioned  exposures,  near  Fairbank, 
are  quite  similar  in  their  lithological  characters  and  their  con- 
tained fossils  to  those  of  the  exposure  near  Oelwein.  They  also 
resemble  quite  closely  those  of  members  1  to  5  of  the  Niagara- 
Devonian  Contact  exposure  in  section  5  of  Westfield  township, 
and  those  of  the  upper  Niagara  layers  at  Westfield  bridge.  It 
seems  probable  that  the  materials  in  each  of  these  exposures 
belong  to  horizons  that  are  separated  by  no  great  thickness  of 
strata;  and  that  they  represent  deposits  near  the  top  of  the 
Delaware  stage,  as  the  rocks  of  that  stage  are  developed  near 
the  western  margin  of  the  Niagara  area  in  Fayette  county. 

The  Niagara  outcrop  north  of  Fairbank  is  especially  interest- 
ing from  the  fact  that  in  the  town  of  Fairbank  Devonian  strata 
that  lie  just  below  the  zone  of  Acervularia  profunda  Hall  and 
Newberria  johannis  HbXI,  nearly  sixty  feet  above  the  base  of  the 
Devonian,  are  quarried  at  an  altitude  forty  feet  lower  than  the 
top  of  the  Niagara  bluff  two  miles  further  north.  The  presence 
of  a  fold  of  no  mean  proportions  would  seem  to  be  indicated  in 
this  portion  of  the  Niagara  strata. 

Near  the  middle  of  the  east  side  of  section  13,  Smithfleld 
township,  the  slopes  and  crest  of  a  hill  are  strewn  with  masses 
of  quartz  which  contain  silicified  coralla  of  Favosites  favosus 
Goldfuss,  and  numerous  casts  and  moulds  of  very  large  individ- 
uals of  Pentamerus  oblongus  Sowerby.  The  immediate  banks  of 
this  stream  are  bordered  by  low  ledges  of  yellow  dolomite  which 
contain  Favosites  favosus^  Hahjsites  catenulatus  and  casts  of  a 
few  small  individuals  of  Pentamerus  oblongus. 

In  the  northeast  J  of  section  13  and  the  southeast  J  of  section 
12  of  the  same  township,  a  bed  of  buff  colored  dolomite  out- 
crops to  a  height  of  twelve  feet  along  the  banks  of  a  small 
creek.  The  ledge  is  massive  and  vesicular.  It  carries  chert 
nodules,  and  contains  Favosites  favosus,  Halysites  catenulatus  and 
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Niagara  layers  belonging  to  the  same  horizon  as  numbers  1 
to  5  of  the  foregoing  section,  are  well  exposed  at  the  Westfield 
bridge,  in  the  northwest  J  of  section  29,  Westfield  township. 
At  this  place  there  is  a  thickness  of  twenty -two  feet  of  yellow, 
vesicular  dolomite  which  carries  numerous  chert  nodules,  and 
contains  Favosites  favosus  Goldfuss,  Ualysites  catenulatus  Linn, 
and  other  characteristic  fossils  of  the  Delaware  stage.  The 
Niagara  is  here  succeeded  by  a  ledge  ot  Devonian  limestone, 
fifty  feet  in  height.  On  account  of  the  excellent  exposure  of 
Devonian  strata  overlying  the  Niagara  at  this  place,  a  detailed 
description  of  the  outcrop  will  be  given  under  the  discussion 
of  the  Devonian  deposits. 

A  bed  of  impure  dolomite,  ten  feet  in  thickness,  is  exposed 
along  the  banks  of  Otter  creek,  near  Oelwein,  in  the  northeast 
J  of  section  29,  Jefferson  township.  The  ledge  shows  im- 
perfect lines  of  bedding.  It  is  quite  vesicular.  In  places  it 
contains  an  admixture  of  sand  and  carries  a  number  of  small 
calcite  geodes.  The  following  fossils  were  collected  from  these 
layers,  Zaphrentis  stokesi  Ed.  &  H.,  Favosites  favosus  Goldfuss, 
Halysites  catenulatus  Linn.,  Syringopora  sp.,  and  casts  of  small 
individuals  of  Pentamerus  oblongus  Sowerby. 

Two  miles  north  of  the  town  of  Fairbank,  near  the  south- 
west corner  of  section  20,  Oran  Township,  a  bluff  of  dolo- 
mite borders  the  east  bank  of  a  branch  of  the  Wapsipinicon 
river  for  a  distance  of  several  rods.  The  exposure  here  shows 
the  following  layers: 

rsET. 

5.    Bed  of  moderately  coarse  sand 4i 

4.     Gravels,  which  are  in  places  much  iron -stained...     3i 
3.    Residual  material  of  a  much  weathered  bed    of 
dolomite,  containing^  Favosites  favosus  ^  Haly- 
sites catenulatus^  Lyellia  americana  and  Alveo- 
lites undosus 2 

2.  Ledge  of  coarse-grained,  yellowish-brown  dolo- 
mite .  which  weathers  into  layers  three  to  six 
inches  in  thickness,  and  contains  fossils  similar 

to  number  3  above 7 

1.  Massive  ledge  of  yellow  dolomite,  coarse-grained 
in  texture,  carrying  nodules  of  chert,  and  con- 
taining Favosites  favosus,  Halysites  catenulatus t 
Syringopora  sp.  and  Lyellia  americana 8 
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Materials  which  correspond  with  those  of  the  above  section 
outcrop  along  the  south  bank  of  a  small  stream,  about  one  mile 
northeast  of  Fairbank,  on  land  owned  by  Mr.  Oscar  Constantine. 
Imperfect  exposures  of  weathered  Niagara  materials  of  this 
same  horizon  are  encountered  at  a  number  of  points  along  the 
streams  in  sections  16,  20  and  21  of  Oran  township. 

The  rocks  in  the  above  mentioned  exposures,  near  Fairbank, 
are  quite  similar  in  their  lithological  characters  and  their  con- 
tained fossils  to  those  of  the  exposure  near  Oelwein.  They  also 
resemble  quite  closely  those  of  members  1  to  5  of  the  Niagara- 
Devonian  Contact  exposure  in  section  5  of  Westfield  township, 
and  those  of  the  upper  Niagara  layers  at  Westfield  bridge.  It 
seems  probable  that  the  materials  in  each  of  these  exposures 
belong  to  horizons  that  are  separated  by  no  great  thickness  of 
strata;  and  that  they  represent  deposits  near  the  top  of  the 
Delaware  stage,  as  the  rocks  of  that  stage  are  developed  near 
the  western  margin  of  the  Niagara  area  in  Fayette  county. 

The  Niagara  outcrop  north  of  Fairbank  is  especially  interest- 
ing from  the  fact  that  in  the  town  of  Fairbank  Devonian  strata 
that  lie  just  below  the  zone  of  Acervularia  profunda  Hall  and 
Newberria  johannisH^ll,  nearly  sixty  feet  above  the  base  of  the 
Devonian,  are  quarried  at  an  altitude  forty  feet  lower  than  the 
top  of  the  Niagara  bluff  two  miles  further  north.  The  presence 
of  a  fold  of  no  mean  proportions  would  seem  to  be  indicated  in 
this  portion  of  the  Niagara  strata. 

Near  the  middle  of  the  east  side  of  section  13,  Smithfield 
township,  the  slopes  and  crest  of  a  hill  are  strewn  with  masses 
of  quartz  which  contain  silicified  coralla  of  Favosites  favosus 
Goldfuss,  and  numerous  casts  and  moulds  of  very  large  individ- 
uals of  Pentamerus  oblongus  Sowerby.  The  immediate  banks  of 
this  stream  are  bordered  by  low  ledges  of  yellow  dolomite  which 
contain  Favosites  favosus^  Haly sites  catenulatus  and  casts  of  a 
few  small  individuals  of  Pentamerus  oblongus. 

In  the  northeast  J  of  section  13  and  the  southeast  J  of  section 
12  of  the  same  township,  a  bed  of  buff  colored  dolomite  out- 
crops to  a  height  of  twelve  feet  along  the  banks  of  a  small 
creek.  The  ledge  is  massive  and  vesicular.  It  carries  chert 
nodules,  and  contains  Favosites  favosus,  Halysites  catenulatus  and 
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Niagara  layers  belonging  to  the  same  horizon  as  numbers  1 
to  5  of  the  foregoing  section,  are  well  exposed  at  the  Westfield 
bridge,  in  the  northwest  J  of  section  29,  Westfield  township. 
At  this  place  there  is  a  thickness  of  twenty-two  feet  of  yellow, 
vesicular  dolomite  which  carries  numerous  chert  nodules,  and 
contains  Favosites  favosus  Goldfuss,  Halt/sites  catenulafus  Linn, 
and  other  characteristic  fossils  of  the  Delaware  stage.  The 
Niagara  is  here  succeeded  by  a  ledge  ot  Devonian  limestone, 
fifty  feet  in  height.  On  account  of  the  excellent  exposure  of 
Devonian  strata  overlying  the  Niagara  at  this  place,  a  detailed 
description  of  the  outcrop  will  be  given  under  the  discussion 
of  the  Devonian  deposits. 

A  bed  of  impure  dolomite,  ten  feet  in  thickness,  is  exposed 
along  the  banks  of  Otter  creek,  near  Oelwein,  in  the  northeast 
J  of  section  29,  Jefferson  township.  The  ledge  shows  im- 
perfect lines  of  bedding.  It  is  quite  vesicular.  In  places  it 
contains  an  admixture  of  sand  and  carries  a  number  of  small 
calcite  geodes.  The  following  fossils  were  collected  from  these 
layers,  Zaphrentis  stokesi  Ed.  &  H.,  Favosites  favosus  Goldfuss, 
Halysites  cafevulatus  Linn.,  Syringopora  sp.,  and  casts  of  small 
individuals  of  Pentamerus  oblongus  Sowerby. 

Two  miles  north  of  the  town  of  Fairbank,  near  the  south- 
west corner  of  section  20,  Oran  Township,  a  bluff  of  dolo- 
mite borders  the  east  bank  of  a  branch  of  the  Wapsipinicon 
river  for  a  distance  of  several  rods.  The  .  exposure  here  shows 
the  following  layers: 

rxET. 

5.     Bed  of  moderately  coarse  sand 4i 

4.     Gravels,  which  are  in  places  much  iron-stained...     3k 
3.     Residual  material   of  a  much  weathered  bed    of 
dolomite,  containing:  Favosites  favosus,  Haly- 
sites catenulatusj  Lyellia  americana  and  Alveo- 
lites undosus 2 

2.  Lfedge  of  coarse-grained,  yellowish-brown  dolo- 
mite ,  which  weathers  into  layers  three  to  six 
inches  in  thickness,  and  contains  fossils  similar 

to  number  3  above 7 

1.  Massive  ledge  of  yellow  dolomite,  coarse-grained 
in  texture,  carrying  nodules  of  chert,  and  con- 
taining Favosites  favosus,  Halysites  catenu/atus, 
Syringopora  sp.  and  Lyellia  americana 8 
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Materials  which  correspond  with  those  of  the  above  section 
outcrop  along  the  south  bank  of  a  small  stream,  about  one  mile 
northeast  of  Fairbank,  on  land  owned  by  Mr.  Oscar  Constantine. 
Imperfect  exposures  of  weathered  Niagara  materials  of  this 
same  horizon  are  encountered  at  a  number  of  points  along  the 
streams  in  sections  16,  20  and  21  of  Oran  township. 

The  rocks  in  the  above  mentioned  exposures,  near  Fairbank, 
are  quite  similar  in  their  lithological  characters  and  their  con- 
tained fossils  to  those  of  the  exposure  near  Oelwein.  They  also 
resemble  quite  closely  those  of  members  1  to  5  of  the  Niagara- 
Devonian  Contact  exposure  in  section  5  of  Westfield  township, 
and  those  of  the  upper  Niagara  layers  at  Westfield  bridge.  It 
seems  probable  that  the  materials  in  each  of  these  exposures 
belong  to  horizons  that  are  separated  by  no  great  thickness  of 
strata;  and  that  they  represent  deposits  near  the  top  of  the 
Delaware  stage,  as  the  rocks  of  that  stage  are  developed  near 
the  western  margin  of  the  Niagara  area  in  Fayette  county. 

The  Niagara  outcrop  north  of  Fairbank  is  especially  interest- 
ing from  the  fact  that  in  the  town  of  Fairbank  Devonian  strata 
that  lie  just  below  the  zone  of  Acervularia  profunda  Hall  and 
NewberriajohannisHsW,  nearly  sixty  feet  above  the  base  of  the 
Devonian,  are  quarried  at  an  altitude  forty  feet  lower  than  the 
top  of  the  Niagara  bluff  two  miles  further  north.  The  presence 
of  a  fold  of  no  mean  proportions  would  seem  to  be  indicated  in 
this  portion  of  the  Niagara  strata. 

Near  the  middle  of  the  east  side  of  section  13,  Smithfield 
township,  the  slopes  and  crest  of  a  hill  are  strewn  with  masses 
of  quartz  which  contain  silicified  coralla  of  Favosites  favosus 
Goldfuss,  and  numerous  casts  and  moulds  of  very  large  individ- 
uals of  Pentamertis  oblongus  Sowerby.  The  immediate  banks  of 
this  stream  are  bordered  by  low  ledges  of  yellow  dolomite  which 
contain  Favosites  favosus^  Halysites  catenulatus  and  casts  of  a 
few  small  individuals  of  Pentamerus  oblongus. 

In  the  northeast  J  of  section  13  and  the  southeast  J  of  section 
12  of  the  same  township,  a  bed  of  buff  colored  dolomite  out- 
crops to  a  height  of  twelve  feet  along  the  banks  of  a  small 
creek.  The  ledge  is  massive  and  vesicular.  It  carries  chert 
nodules,  and  contains  Favosites  favosus,  Halysites  catenulatus  and 
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Syringopora  tenella.  In  the  residual  chert  masses  scattered  over 
the  slope,  above  the  ledge,  there  also  occar  numerous  very  large 
casts  of  Pentamerus  ohlongus. 

The  Niagara  strata  of  our  area  probably  attain  their  greatest 
thickness  in  the  southeastern  portion  of  the  county.  The 
presence  in  abundance,  of  casts  of  large  individuals  of  Pentame- 
rus oblongus  in  the  residual  chert  masses  that  are  scattered  over 
the  slopes,  in  Smithfield  township,  and  the  absence  of  such  re- 
mains in  the  Niagara  deposits  of  the  central  and  northern  por- 
tions of  the  county,  would  indicate  that  the  Niagara  strata  of 
Fayette  county  belong  to  a  horizon  below  the  true  Pentamerus 
oblongus  zone.  It  seems  probable  that  the  materials  of  the 
Pentamerus  oblongus  horizon  were  once  the  uppermost  deposits 
over  only  the  southeastern  portion  of  the  area,  and  that  they 
have  subsequently  been  removed  by  the  agents  of  denudation. 
If  this  inference  is  correct,  the  uppermost  deposits  of  the  Dela- 
ware stage  in  Fayette  county  belong  to  a  horizon  more  than 
one  hundred  feet  below  the  latest  of  the  Niagara  deposits  that 
appear  in  the  county  of  Delaware.  There  are  indications,  too, 
that  the  lower  layers  of  the  Niagara  in  our  area  correspond 
with  layers  which,  in  Delaware  county,  occupy  a  position 
several  feet  above  the  base  of  the  Delaware  stage.  In  short,  it 
is  probable  that  both  the  uppermost  strata  and  the  lowermost 
members  of  the  Niagara  beds,  which  are  encountered  in  Dela- 
ware county,  fade  out  towards  the  northwest,  in  the  county  of 
Fayette. 


Devonian  System. 


WAPSIPINICON  STAGE 


Deposits  representing  the  Middle  Devonian  series  imme- 
diately underlie  the  superficial  materials  over  the  central  and 
western  portions  of  our  area,  covering  nearly  one-half  of  the 
surface  of  Fayette  county.  These  rocks  belong  to  the  two 
lowermost  stages  of  the  series,  the  Wapsipinicon  and  the  Cedar 
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Valley.  The  strata  range  from  the  base  of  the  fine-grained, 
delicately  laminated  bed,  underlying  the  Lower  Davenport 
phase  of  the  Fayette  breccia,  to  the  layers  containing  very 
numerous  individuals  of  Dielasma  iowensis  and  Athyris  vittata, 
which  occur  in  a  zone  a  few  feet  above  the  Acervularia  coral 
reef. 

Devonian  rocks  outcrop  in  the  towns  of  Fayette  and  West 
Union,  and  they  may  be  se6n  at  several  points  between  these 
places.  They  are  exposed  at  a  distance  of  two  and  one-half 
miles  northeast  of  West  Union.  They  are  encountered  in  the 
banks  of  the  streams  along  the  north  side  of  Windsor  town- 
ship. They  appear  at  different  points  along  Crane  creek,  down 
to  within  less  than  one  mile  of  its  junction  with  the  Little 
Turkey  river.  Layers  which  belong  to  a  horizon  a  few  feet 
below  the  Acervularia  profunda  zone  are  exposed  at  a  number 
of  places  in  the  vicinity  of  Waucoma. 

Over  the  greater  portion  of  the  western  tier  of  townships  the 
mantle  of  drift  is  so  deep  that  the  indurated  rocks  appear  at 
the  surface  at  but  a  few  points  in  Eden  township  in  the  ex- 
treme north,  and  Oran  township  in  the  south.  Devonian  strata 
belonging  to  a  zone  immediately  below  that  of  Newherria 
johannis  are  quarried  in  the  town  of  Fairbank.  Corresponding 
layers  outcrop  near  the  cemetery  about  three-fourths  of  a  mile 
northwest  of  this  point.  Rocks  belonging  to  the  horizon  of 
Acervularia  profunda  and  Newherria  johannis  may  be  studied 
along  the  banks  of  the  Volga  river  in  the  town  of  Maynard,  and 
lot  a  distance  of  more  than  one  mile  both  north  and  south  of 
this  place.  The  Lower  Davenport  beds  of  the  Wapsipinicon 
stage  outcrop  in  the  banks  of  Alexander  creek,  near  the  north- 
east corner  of  section  5,  Smithfield  township,  and  this  phase  is 
exceptionally  well  exposed  in  the  vicinity  of  the  town  of 
Fayette. 

Just  north  of  Westfield  bridge,  in  the  northeast  J  of  section 
29,  the  lower  members  of  the  Devonian  can  be  well  studied  in 
their  relation  to  the  underlying  strata  of  the  Delaware  stage. 
The  section  below  the  surface  materials  is  as  follows: 
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9.  Decayed  zone  composed  of  thin  fragmeots,  which 
in  places  are  crowded  with  valves  of  Newbertia 
johanniSt  weathered  individuals  of  Acervularia 
profunda,  Cystiphyllum  americanum,  Cladopora 
iowensis  and  Favosites  sp .  occur  in  the  upper 
part 1 

8.  Bed  consisting  of  yellow,  fine-grained,  impure 
limestone,  in  layers  two  to  six  or  eight  inches  in 
thickness.  The  layers  are  somewhat  broken, 
and  contain  the  fossils  Atrypa  reticularis  and  A, 
aspera  var.  occidentalis.  Small  cavities  lined 
with  crystals  of  calcite  are  not  rare 5i 

7.  Bed  of  yellow  colored ,  impure  limestone,  in  three 
layers  respectively  two  and  three -fourths,  two 
and  one-fourth  and  two  feet  in  thickness.  Be- 
sides the  fossils  of  number  8,  Pentamerella  dulna 
and  Spirifer  pennatus  occur  in  the  lower  layer. .     7 

6.  Bed  of  rather  massive,  yellowish-gray  limestone, 
less  magnesian  than  the  layers  of  number  7  above, 
somewhat  broken ,  but  the  large  fragments  lie  in 
the  general  plane  of  the  original  layers;  contain- 
ing in  the  upper  portion  Favosites  sp.,  Pentamer* 
ella  dutna,  Gypidula  comis,  Spirifer  penuaius, 
Atrypa  reticularis ^  A,  aspera  var.  occidentalis 
and  Hypothyris  intermedia 8 

5.  Bed  of  light  colored,  argillaceous  limestone,  with 
few  fossils;  consisting  of  brecciated  material  in 
which  small  limestone  fragments  are  imbedded 
in  an  abundant  matrix  of  clayey  shale 7 

4.  Bed  of  Lower  Davenport  breccia;  composed  of 
dense,  fine-grained,  drab  colored  fragments  of 
limestone,  surrounded  with  lighter  colored 
cementing  material;  without  fossils 10 

3.  Bed  of  yellowish-gray  limestone,  very  fine-grained; 
exposed  surfaces  showing  numerous,  delicate 
lines  of  lamination;  weathering  in  thin  fragments 
which  are  characteristic  of  this  zone;  no  fossils. . .  11 

2.  Bed  consisting  of  two  imperfect  layers  of  yellow, 
magnesian  limestone,  one  foot  and  two  feet  in 
thickness;  the  upper  one  dense  and  rather  fine- 
grained, the  lower  vesicular  and  somewhat 
softer;  without  fossils 3 

1.  Bed  of  yellowish,  magnesian  limestone,  in  layers 
which  are  respectively  two,  four,  two  and  one- 
third,  one,  two,  four,  two  and  one-half,  and  five 
feet  in  thickness.  Small  cavities  are  numerous, 
and  nodules  of  chert  abundant;  containing 
Lyellia  americana,  Favosites  favosus,  Haly sites 
catenulatus  and  other  fossils 22 
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This  exceedingly  iastractive  section  may  be  designated  as 
that  of  the  Westfield  Bridge.  Not  only  is  the  contact  of  the 
Niagara  and  the  Devonian  well  shown  at  this  place,  but  there 
is  also  exposed  an  almost  complete  section  of  the  Devonian 
strata  as  those  deposits  are  developed  in  this  portion  of  the 
state.    See  figure  45. 


d  brldgB  Id  the  (own  ot  FkrMte.  thowlDg  the  eoatut  of  the 
MlBgara  sod  Devonian  Umeitooei.  The  layer  marked  A.  a  thort  dlitsiuw  belowths  middle  of 
the  (dotnre,  1b  tti«  oppenuosC  layer  of  the  Ntaaara  at  this  place. 

The  dolomite  layers  of  number  1,  containing  Lyellia  ameri- 
cnna,  FacosHes  favosus,  F.  niagarens'ts,  Hali/sites  catentdatas, 
Lepteena  rliamhoidalis  and  a  species  of  Orthis,  are  readily 
recognized  as  belonging  to  the  Delaware  stage.  Number  2 
also  belongs  with  this  Niagara  bed.  These  layers  are  the 
equivalent  of  numbers  1  to  5  inclusive  of  the  Niagara- Devonian 
Contact  section,  three  and  one-half  miles  further  north.  ' 
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Number  3  represents  the  basal  member  of  the  Wapsipinicon 
stage,  and  corresponds  with  number  6  of  the  Niagara-Devonian 
Contact  section  above  mentioned.  This  bed  of  yellow  colored, 
fine-grained  material,  in  which  very  numerous,  delicate  lines 
of  lamination  are  preserved,  and  which  weathers  into  thin, 
fissile  fragments,  is  uniformly  present  as  the  lowermost  mem- 
ber of  the  Devonian  in  Fayette  county.  The  line  between 
numbers  2  and  3  of  the  Westfield  Bridge  section,  which  sepa- 
rates the  Devonian  strata  from  the  Niagara  beds,  is  well  ex- 
posed for  a  distance  of  several  rods  but  there  is  shown  no  de- 
cided evidence  of  unconformity  between  these  deposits.  Num- 
ber 4  is  a  bed  of  the  typical  Lower  Davenport  phase  of  Fayette 
breccia,  and  it  is  the  equivalent  of  number  7  of  the  Contact  ex- 
posure in  section  5.  The  fragments  are  slate  colored,  fine- 
grained and  very  hard.  They  are  usually  small,  rarely  more 
than  six  inches  in  diameter.  The  lighter  colored  cementing 
material  or  matrix  composes  about  one-half  of  the  constituents 
of  the  bed.  No  fossils  were  found  in  this  member.  It  is 
probable  that  number  5  represents  a  slightly  unusual  phase  of 
development  of  the  Lower  Davenport  beds  in  which  light 
colored,  indurated,  clay-like  shale  predominates  over  the  general 
brecciated  materials.  Number  6  is  composed  of  a  massive^ 
slightly  fractured  ledge  of  gray,  fossiliferous  limestone,  rather 
similar  throughout.  It  shows  lines  of  bedding  which  separate 
the  ledge  into  indistinct  layers  two  to  two  and  one-half  feet  in 
thickness.  This  member  contains  Pentamerella  dubia  Hall, 
Gypidula  counts  Owen,  Hypothyris  intermedia  Barris,  Spiri/er 
pennatus  Owen,  Atrypa  reticularis  Linn,  and  A,  aspera  var.  occi. 
dentalis  Hall.  These  fossils  are  characteristic  of  the  Gyroceras 
beds,  as  defined  by  Professor  Calvin*  in  Buchanan  county,  and 
of  the  Upper  Davenport  beds  of  Professor  ^-orton,!  as  described 
in  the  Linn  county  report. 

The  materials  of  number  7  jind  8  are  quite  similar  in  color 
and  lithology  to  those  of  number  6,  but  the  thickness  of  the 
layers  constantly  decreases  towards  the  top.  In  number  8  the 
layers  are  considerably  shattered  although  the  fragments  are 
not  displaced.    Small  veins  and  geodes  of  calcite  are  abundant. 

•Oalvln:  lowaGeol.  Sorr.,  Vol  Vm,  pp.  TSSbetseq. 
•i-Norton:  lowaGeol,  Surr.,  Vol.  lY,  pp.  167 «< teg. 
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Namber  9  is  composed  largely  of  calcareoas  layers  that  are 
filled  with  more  or  less  broken  valves  of  Newberria  johannis, 
and  which  are  overlain  by  residual  fragments  and  weathered 
coralla  from  the  zone  of  Acervularia  profunda.  A  few  rods  fur- 
ther down  the  river  there  is  exposed  at  the  top  of  the  bluff  a 
thickness  of  four  feet  above  the  Newberria  johannis  horizon. 
These  layers  contain  coralla  of  Acervularia  profunda  Hall  in  place, 
together  with  Cyathophyllum  sp.,  Cladopora  iotvensis  Hall  and 


no.  U.  OoM  klODt  the  Ohloago.  HUwrnokM  St  Skint  Paul  nllnad,  ■  abort  dlitanoe  w«t  ot 
■tatloii.  Beetle,  Iowa.  The  wbUb  ot  the  ootaie  DevoBlas  llmaatoue  and  the  tnok  li  laid  on 
the  Niagara. 


colonies  of  Favosites  resembling  F.  placenta  Rorainger.  This  is 
the  typical  Acervularia  profunda  zone  in  its  normal  position, 
only  a  very  short  distance  above  that  of  Newberria  johannis. 

An  exposure  which  is  almost  a  duplicate  of  that  at  Westfield 
bridge  appears  in  the  south  bank  of  the  Volga  river,  near  the 
middle  of  the  south  side  of  section  21,  Westfield  township.    At 
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this  place  a  quarry  is  worked  in  the  yellow,  somewhat  distprbed 
layers  corresponding  with  the  upper  part  of  number  6  and  num- 
bers 7  and  8  of  the  Westfield  Bridge  section.  Several  small 
quarries  are  worked  in  the  layers  of  this  horizon  within  the 
limits  of  the  town  of  Fayette. 

The  contact  of  the  Niagara  and  Devonian  strata  is  again  well 
shown  in  the  northwest  J  of  section  17,  Union  township.  A 
quarry  has  been  opened  in  this  ledge,  within  the  corporate 
limits  of  West  Union,  which  is  operated  by  the  city  for  crushed 
stone.  At  this  place  a  thickness  of  about  one  and  one-half  feet 
of  Niagara  dolomite  appears  at  the  base  of  the  exposure.  This 
is  succeeded  by  a  bed  of  yellowish,  fine-grained  material,  ten 
feet  in  thickness,  which  shows  very  numerous,  fine  lines  of 
lamination,  and  which  weathers  into  thin  fragments.  This 
latter  bed  corresponds  with  number  3  of  the  Westfield  Bridge 
section.  Above  this  fine-grained,  delicately  laminated  bed 
there  occurs  a  thickness  of  about  six  feet  of  the  typical  Lower 
Davenport  breccia. 

An  interesting  section  of  the  Wapsipinicon  strata  of  our  area  is 
exposed  in  the  deep  cut  along  the  Chicago,  Milwaukee  &  Saint 
Paul  railway,  a  few  rods  west  of  the  station  at  Fayette.  The 
strata  at  this  place  are  shown  in  figure  46.  The  cut  is  fifty 
feet  in  depth  and  six  hundred  feet  long.  There  appears  in 
either  wall  the  following  succession  of  layers: 


6.  Bed  consisting:  of  somewhat  shattered  layers  of 
fine-grained,  yellow  colored,  impure  limestone, 
three  to  nine  inches  in  thickness;  containing 
Atrypa  reticularis  and  A,  aspera  var. 
occidentalis Hi 

5.    Bed  composed  of  yellow  colored,  magnesian  lime- 
stone, similar  in  lithology  to  number  6  above, 
in  imperfect  layers  one  and  one-half  to  three 
feet  in  thickness;   containing  Gypidula  comis^ 
Sfnrifer  pennatus  and  the  Atrypas Si 
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4.  Thick  layers  of  g^ray  limestone,  somewhat  frac- 
tnred,  yet  not  so  thoroughly  brecciated  but 
that  the  original  layers  can  be  recognized .  The 
large  frag^oionts  contain  Favosiies  placenta  ^ 
Stropheodonta  demissa^  Pholidostrophia  nacrea^ 
Productellm  subalata,  Orthis  iowensis,  Gypidula 
camis,  Spirifer  pennatus,  Atrypa  reticularis^ 
A,  asperavtiU  occidentalism  Athyris'j/ittata  sjx^ 
tritors  of  Ptyctodus  calceolus 10 

3.  Bed  of  yellowish  colored,  calcareous  shale;  quite 
indurated;  showing  scant  traces  of  brecciation; 
without  fossils 6 

2.  Bed  composed  of  slate-colored  fragments  of  very 
hard,  fine-grained  limestone,  imbedded  in  a 
matrix  of  fine-grained  calcareous  material 
which  is  lighter  in  color.  Many  of  the  frag- 
ments show  delicate,  closely  crowded  lines  of 
lamination;  no  fossils 11 

1.  Ledge  of  yellow  colored,  fine-grained  limestone, 
on  the  face  of  which  delicate,  closely  placed 
laminae  weather  out  in  faint  relief.  Small  frag- 
ments of  the  material  present  this  character- 
istic laminated  appearance.  When  long 
exposed  to  weathering  the  rock  splits  along  these 
lines  into  thin  bits 10 

Number  1  of  the  foregoing  section  represents  the  basal  mem- 
ber of  the  Wapsipinicon  deposits,  and  corresponds  with  number 
3  of  the  Westfield  Bridge  section.  The  rock  is  homogeneous, 
and  fine-grained  in  texture.  In  some  places  it  has  been  more  or 
less  brecciated  as  appears  in  the  fact  that  there  are  occasional 
areas  in  which  groups  of  closely  crowded,  delicate  laminae, 
which  are  usually  parallel  with  the  planes  of  bedding,  lie  at 
various  angles  with  respect  to  one  another  and  to  the  larger 
planes  of  stratification.  In  other  places  the  fine  lines  of  lam- 
ination are  gently  undulating  or  slightly  faulted.  Numerous 
thin  veins  of  calcite  indicate  the  position  of  the  original  lines 
of  fracture.  Aside  from  such  calcite  veins  there  appears  no 
other  cementing  material.  The  upper  portion  of  this  bed 
shows  slight  flexures,  the  arches  of  the  folds  having,  in  some 
places,  a  height  of  one  to  one  and  one-half  feet.  The  material 
appears  to  have  been  of  a  slaty  color  before  it  was  acted  upon 
by  the  atmosphere.  Upon  weathering  it;  is  changed  to  a  yel- 
low color,  and  breaks  along  the  lamination  planes  into  charac- 
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teristic  thin,  fissile  bits.  The  materials  of  this  member  are  less 
resistant  than  those  of  the  overlying  Lower  Davenport  breccia, 
number  2  of  the  section,  as  appears  in  the  relative  amount  of 
the  fragments  of  each  member  in  the  talus  heap  at  the  foot  of 
the  ledge.  This  is  also  indicated  by  the  fact  that  the  rock  of 
the  first  member  has  crumbled  down  to  such  an  extent  as  to 
leave  a  shelf  of  the  materials  of  number  2  projecting  beyond 
the  lower  member  for  a  distance  of  one  and  one-half  feet. 

The  lithological  characters  and  general  appearance  of  the 
material  of  this  basal  member  of  the  Devonian  limestone  in 
layette  county,  number  1  of  the  last  section,  would  ally  it  very 
closely  with  the  Otis  beds  as  described  by  Norton.*  Because 
of  the  thinness  of  the  formation  in  our  area,  and  on  account  of 
the  fact  that  it  presents  occasional  brecciated  masses  this  mem- 
ber will  be  included  as  the  basal  portion  of  the  Fayette  breccia. 

At  a  few  places  in  the  cut  there  is  exposed  below  number  1  a 
thickness  of  one  to  one  and  one-half  feet  of  yellowish-colored 
dolomite.  This  material  represents  the  Niagara  limestone,  and 
corresponds  with  the  uppermost  layer  of  the  Niagara  at  West- 
field  bridge,  less  than  one  mile  to  the  north.  Both  in  the  cut 
and  at  the  Westfield  Bridge  exposure  such  dolomite  is  suc- 
ceeded by  a  bed  of  fine-grained,  closely  laminated  limestone,  as 
number  1  described  above.  In  the  railroad  cut,  the  top  of  the 
Niagara  limestone  forms  the  floor  upon  which  the  track  is  laid. 

The  respective  beds  that  succeed  number  1  in  the  last  section 
are  readily  correlated  with,  and  their  development  is  not  un- 
like, those  that  lie  above  number  3  in  the  Westfield  Bridge  sec- 
tion. Numbers  4  and  5  consist  of  limestone  that  shows  no  trace 
of  dolonaitization.  It  is  somewhat  fractured,  but  the  thick  layers 
have  not  been  greatly  disturbed.  The  fossils  found  in  this 
member  include  Pholidostrophia  nacrea  Hall,  Productella 
suhalata  Hall,  Orthis  macfarlanei  Meek,  Penfamerella  dubia  Hall, 
Gypidula  laevwscula  Hall,  Gypidula  comis  Owen,  Hypothyris 
intermedia  Barris.  Atrypa  reticularis  Linn.,  A.  aspera  var.,  oc- 
cidentalis  Hall,  Spirifer  pennatus  Owen,  and  Athyris  vittata 
Hall. 


*  Norton:    lowaGeol.  Snrv.,  Vol.  IV,  p.  138,  et  seq.    1884. 
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An  exposure  of  brecciated  limestone  which  corresponds  with 
numbers  2  to  4  inclusive  of  the  section  of  the  Railroad  Cut  can 
be  seen  in  the  east  bank  of  Alexander  creek,  near  the  south- 
east corner  of  section  32,  Westfield  township.  In  walking  up 
the  bed  of  a  ravine  that  crosses  the  wagon  road  a  few  rods 
west  of  this  point  the  breccia  of  this  same  horizon  is  passed 
over,  and  the  succeeding  beds  of  less  shattered,  thicker  lime- 
stone layers  are  encountered  which  contain  Orthis  iowensis 
Hall,  Gypidula  comis  Owen,  Atrypa  reticularis  Linn,  and  A. 
aspera  vair.  occidentalis  Hall,  and  which  belong  to  the  Upper 
Davenport  phase  of  the  breccia. 

In  the  northwest  J  of  section  6,  Windsor  township,  the  fol- 
lowing succession  of  layers  is  exposed  in  the  east  bank  of  a 
small  stream: 


6.  Bed  of  residual  materials,  containingr  weathered 
remains  of  Cyathophyllum  sp.,  Acervularia 
profunda  t  Cystiphyllum  americanum,  Pavoaites 
sp. ,  Spirt fer  pennaius  and  Atrypa  reticularis, . .  1 

5.  Bed  composed  of  layers  of  yellow,  magnesian  lime- 
stone, two  to  six  inches  in  thickness.  The  lay- 
ers are  much  checked  and  broken ,  and  contain 
few  traces  of  fossils 6 

4.  Bed  of  yellow,  fine-grained ,  earthy  limestone,  in 
layers  six  to  twenty- four  inches  in  thickness.  The 
materials  are  more  or  leas  shattered,  and  show 
numerous  small  spherical  patches  in  which  iron- 
stained  lines  are  concentrically  arranged  about 
a  common  center 3^ 

3.  Ledge  of  yellow,  impure  limestone,  resembling 
that  of  number  4  above,  in  layers  eight  to  thirty 
inches  in  thickness;  containing  imperfectly  pre- 
served fragments  of  brachiopod  shells 6 

2.  Bed  of  yellowish- gray  limestone,  in  rather  indis- 
tinct layers  which  are  checked  with  numerous 
joints;  containing  Productella  subalata^  Peniatn- 
erelladubia^  Gypidula  comis ,  Spirifer  pennatus^ 
Atrypa  reticularis  and  A,  aspera  var.  occidentalis  8 

1.  Bed  composed  largely  of  light  colored  shale,  in 
which  a  few  irregular  fragments  of  limestone  are 
imbedded.  Such  fragments  become  more  abun- 
dant in  the  lower  part;  talus  covered  to  bed  of 
stream 7 
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In  the  above,  which  may  be  known  as  the  Windsor  section, 
number  1  corresponds  with  number  3  of  the  Railroad  Cut  sec- 
tion and  with  number  5  of  that  of  Westfield  Bridge.  Namber 
2  above  is  a  well  marked  zone  which  is  characterized  by  the  fos- 
sils Productella  subalaia  Hall,  Pentamerella  dubia  Hall,  Gypid- 
ala  comis  Owen,  Atrypa  reticularis  Linn.,  A.  aspera  var.  occi- 
dentalis  Hall,  and  Spirifer  pennatus  Owen.  This  bed  is  the 
equivalent  of  number  4  of  the  Cut,  and  of  number  6  of  the 


Fla.  17.  Ladga  of  Cedv  Vkller  llmealone  near  the  Dorthveat  oorDor  of  Beotlon  %  Bethel  towik 
■Up.  The  hoiizoD  of  Avrvutarta  profunda  oooara  kt  the  top,  uid  .Bptrlfer  jMnnoMi  !• 
toniid  tnthe  hesv;  Imrfniat  the  base.    Tbe  atone  la  magnealan  Ihronghoal. 

Westfield  Bridge  section.    Number  6  of  the  last  section  repre- 
sents the  horizon  of  number  9  at  Westfield  bridge. 

Rocks  which  correspond  with  those  of  numbers  2  to  5 
inclusive  of  the  last  section  outcrop  about  forty  rods  southwest 
of  this  exposure,  and  they  may  be  seen  on  either  side  of  the 
wagon  road  as  it  turns  east  in  the  southwest  J  of  section  6  of 
Windsor  township. 
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Near  the  middle  of  the  west  side  of  section  35  of  Eden  town- 
ship, there  outcrops  in  the  north  bank  of  Crane  creek  a  cliff  of 
Devonian  limestone  thirty-five  feet  in  height.  The  beds  ex- 
posed here  are  embraced  between  the  Acervularia  profunda  zone 
at  the  top  and  the  Lower  Davenport  breccia  at  the  base. 

In  the  extreme  northwest  corner  of  section  2  of  Bethel  town- 
ship, a  representative  section  of  the  uppermost  Devonian  beds 
appears  in  the  east  bank  of  a  small  affluent  about  one-half  mile 
above  its  junction  with  Crane  creek.  The  rocks  in  this  ex- 
posure are  shown  in  figure  47,  and  the  section  is  as  follows: 


5.  Bed  of  yellow  colored,  fine-grained,  dolomite  in 
broken  layers  three  to  eight  inches  in  thickness. 
In  the  upper  part  the  fossils  Acervularia  pro- 
funda, Cystiphyllum  americanum,  Pavosites  sp. 
and  Cladopora  iowe'nsis  are  not  rare 8 

4  Bed  of  fine-grained,  yellow  dolomite,  in  two  lay- 
ers which  are  somewhat  broken,  and  contain  no 
fossils 1 

3.  I.edge  consisting  of  two  layers  of  fine-grained, 
magnesian  limestone,  each  about  eight  inches  in 
thickness.  The  material  is  yellow  in  color  and 
quite  durable.  Small  cavities  lined  with  crystals 
of  calcite  are  abundant \\ 

2.  Bed  of  dense,  yellow  colored,  fine-grained,  earthy 
limestone,  in  three  layers  which  are  respectively 
twenty-four,  twenty  and  twenty- five  inches  in 
thickness;  containing  the  fossils  Spirifer Pennatust 
S,  bimesialist  A  try  pa  reticularis  and  A.aspera 
var.  occidentalis S\ 

1.  In  the  bed  of  the  stream,  a  few  rods  below  the 
exposure  of  the  members  2  to  5  inclusive, 
there  are  encountered  heavy  iayera  of  yellow 
dolomite  which  underlie  the  base  of  number  2. 
and  contain  Stropheodonta  demissa^  Productella 
subalata^  Pentamerella  dubia,  Gypidula  comiSf 
Spirifer  Pennatus^  Cyrtina  hamiltanensis^  AtryPa 
reticularis  and  A .  aspera  var   occidentalis 6 
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In  the  foregoing  section  number  1  corresponds  with  number 
2  of  the  Windsor  section,  with  number  4  in  that  of  the  Railroad 
Cut  at  Fayette,  and  with  number  6  of  the  Westfield  Bridge 
section.  This  member  is  well  developed  in  the  northwestern 
portion  of  the  county  where  the  materials  of  the  Devonian  are 
almost  universally  dolpmitized.  This  bed  is  the  lowermost  of 
the  Devonian  deposits  that  was  seen  in  Eden  township,,  with  the 
exception  of  a  single  exposure  near  the  southeast  corner.  It 
contains  Stropheodonta  demissa  Conrad,  Productella  suhalata 
Hall,  Pentamerella  dubia  Hall,  Gypidula  comis  Owen,  Spirifer 
pennatus  Owen,  Cyrtina  hamiltonensis  Hall,  Atrypa  reticularis 
Linn,  and  A.  aspera  var.  occidentalis  Hall.  The  assemblage  of 
fossils  is  characteristic  of  the  Upper  Davenport  beds,  which 
constitute  the  uppermost  deposits  of  the  Wapsipinicon  stage. 
Number  2  above  is  the  equivalent  of  number  5  of  the  Fay- 
ette Cut  section  and  with  number  7  of  the  section  at  Westfield 
bridge.  The  rocks  of  the  members  3  to  5  of  the  foregoing  section 
succeed  those  of  number  2  in  the  normal  order  in  which  they 
appear  above  the  correlative  of  that  member  in  the  sections  of 
the  Fayette  Cut  and  Westfield  Bridge. 

In  Howard  county,  beds  that  are  the  equivalent  of  numbers 
1  to  8  of  the  above  section  are  the  lowermost  strata  of  the 
Devonian  that  are  present,*  and  they  rest  directly  upon  the 
shales  of  the  Maquoketa  stage.  All  of  the  Lower  Davenport 
phase  of  the  Fayette  breccia,  as  well  as  the  bed  of  fine-grained, 
finely  laminated  material  that  underlies  it  in  the  central  por- 
tion of  Fayette  county,  fade  out  completely  a  few  miles  further 
towards  the  northwest. 

The  materials  of  the  first  three  members  of  the  last  section 
may  probably  be  correlated  with  the  lowermost  strata  that 
appear  in  Chickasaw  county.f  They  correspond  with  the  layers 
that  are  exposed  in  the  quarries  near  Independence,  in  Bu- 
chanan county,  and  they  are  the  equivalent  of  the  beds  that 
appear  in  the  railroad  cut  three  miles  northwest  of  Vinton,  in 
Benton  county.  At  the  latter  place  the  deposits  of  this  horizon 
have  a  thickness  very  much  greater  than  they  attain  in  the 
county  of  Fayette. 

*0alyln:  Iowa  Geo!.  Siunr.,  Vol.  XTTT,  p.  60.  et»eq» 
tOftlvlii :  Iowa  Geol.  Snrr. ,  ZIII,  p.  288.  e<  aeq. 
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Layers  of  yellow,  impure  dolomite,  which  correspond  with 
numbers  2  to  4  of  the  last  section,  are  quarried  about  one-half 
mile  north  of  the  village  of  Alpha,  in  Eden  township,  on  land 
owned  by  Mr.  Seth  Clark.  They  also  outcrop  a  short  distance 
west«of  this  place,  on  land  belonging  to  Mr.  Hilton. 

Abont  one-half  mile  northwest  of  Waucoma,  a  quari^y  is 
operated  in  a  body  of  massive,  earthy  dolonpite  which  is  over- 
lain by  somewhat  broken  layers,  four  to  eight  inches  in  thick- 
ness. The  rock  is  yellow  and  quite  vesicular.  In  the  thick 
ledge  at  the  base  the  bedding  planes  have  been  so  completely 
destroyed  in  the  process  of  dolomitization  that  masses  are 
quarried  out  without  any  regard  to  the  original  lines  of  stratifi- 
cation. Acervularia  profimda  was  found  in  the  upper  layers, 
and  cast-s  of  ProducUlla  subalata  Hall,  Gypidula  eomis  Owen, 
Spirifer  pennatus  Owen,  a  species  of  Spirifer  resembling  S. 
bimesialis  Hall,  Atrypa  reticularis  Linn-  and  A.  aspera  var.  occi- 
dentalis  Hall  were  collected  from  the  massive  bed  at  the  base. 
The  rocks  that  .are  exposed  in  this  quarry  correspond  with 
the  layers  that  are  worked  in  the  vicinity  of  Alpha. 

Broken  layers  which  contain  colonies  of  Acervularia  profunda 
and  shells  of  Atrypa  reticularis  outcrop  in  the  wagon  road,  near 
the  middle  of  the  north  side  of  section  5  of  Kden  township,  and 
they  appear  again  in  the  banks  of  a  small  stream  some  rods 
further  east. 

CEDAR  VALLEY  STAGE. 

"^he  line  which  separates  the  deposits  of  the  Wapsipinicon 
stage  from  those  of  the  Cedar  Valley  has  been  somewhat  arbi- 
trarily drawn  between  the  Spirifer  pennofus  beds  and  the  over- 
lying, layers  which  contain  Acervularia  profunda  and  several 
other  species  of  oorals.  In  Fayette  county  the  Spirifer  pennatus 
horizon  can  not  be  perfectly  differentiated  from  that  of  the 
Qyroceras  beds  which  precede  it.  The  Cedar  Valley  strata  wir 
be  considered  to  start  with  the  undisturbed  layers  a  short 
distance  below  the  Acervularia  profunda  and  Newherria  johannis 
zone.  At  no  place  in  the  county  have  these  beds  been  involved 
in  the  brecciation  or  disturbance  that  so  profoundly  affected  the 
most  of  the  strata  of  the  Wapsipinicon  stage. 

33 
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As  thus  delimited,  the  uppermost  layers  that  appear  at  West- 
field  bridge, 'Which  contain  many  corals  and  numerous  detached 
valves  of  Neicberria  johannis,  represent  the  basal  portion  of  the 
Cedar  Valley  deposits. 

In  the  town  of  Fairbank  a  quarry  is  worked  in  the  west  bank 
of  the  river,  just  south  of  the  Catholic  school.  The  following 
layers  are  here  shown: 


5.  Iron-stained  gravels  with  a  dark  colored  soil  zone 
at  the  top;  containing  numerons  weathered  cor- 
alla  of  Acervularia  dazHdsoni,  CysHpkyl/um 
americanum,  FavosiUs  mlpenensis  and  other 
species  of  corals 5 

4.  Bed  of  yellow,  mnch  decayed  limestone,  in  thin 
layers,  which  contain  species  of  Cyathophyllnm, 
Cystiphy^lnm  and  Favosites,  and  a  few  individn- 
als  of  Ngwberria  johamnis  that  have  weathered 
out  entire 2\ 

3 .  Bed  composed  of  thin  layers  of  hard ,  gray  lime- 
stone which  in  places  are  crowded  with  detached 
valves  of  Newberria  johannis 2 

2.  Yellowish -gray  limestone  in  rather  even  layers 
with  occasional  bands  of  softer,  shaly  material; 
showing  nnmerons  spots  of  concentrically  ar- 
ranged lines  of  iron  stains;  containing  Cyatho- 
phyllnm, Cystiphyllnm,  Favosites,  and  occa- 
sional shells  of  Stropkeodonta  demissa 6 

1.  Massive  bed  of  gray  limestone;  containing  nnmer- 
ons geodes  of  calcite,  and  bearing  bnt  few 
fossils 3 

The  above  section  represents  a  slightly  greater  development 
of  the  Newherria  johannis  beds  than  appears  in  the  exposures 
further  north.  Acervularia  profunda  is  usually  found  in  the 
layers  which  correspond  with  those  of  2  to  4  of  the  foregoing 
section.  The  spherical,  iron-stained  concretions  are  jgenerally 
abundant  in  the  zone  immediately  preceding  that  of  Newberria 
Johannis,  and  cavities  lined  with  crystals  of  calcite  are  abundant 
in  layers  corresponding  with  number  1  of  the  last  section. 

About  one-half  mile  northwest  of  Fairbank  a  quarry  was 
formerly  worked  near  the  Catholic  cemetery.  The  layers  that 
are'seea  at  this  place  are  the  equivalent  of. numbers  1  to  8  of  the 
Fairbank  section.    At  the  top  there  appear  thin  layers,  that  are 
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largely  composed  of  broken  or  detached  valves  of  Newberria 
johannis.  Below  this  zone  are  seen  the  yellow  layers  with 
concentric  iron  stains.  This  lower  bed  contains  occasional 
remains  of  Cystiphyllum  americanum,  Stropheodonta  demissa  a.nd 
Atrypa  reticularis;  and  carries  small  geodes  of  calcite.  These 
layers  show  no  traces  of  brecciation  or  dolomitization,  and  they 
represent  a  horizon  at  the  base  of  the  Cedar  Valley  deposits. 

Along  the  Volga  river  in  the  east  part  of  Maynard,  the  follow- 
ing layers  are  exposed: 

4.    Reddish- brown  sand  and  fine  gravel li 

3.  Zone  of  decayed  limestone,  in  which  occur  numer- 
ous coralla  of  Cyathophyllum  sp.,  Acervuiaria 
Profunda^  Cystiphyllum  atnericanum ^  Helio- 
Phyllum  halliy  Pavosites  sp.  and  Syringopora 
sp 2 

2.  Bed  consisting  of  thin  layers  of  gray  limestone, 
some  of  which  are  composed  almost  wholly  of 
valves  of  Newberria  johannis^  Acervularia  pro- 
funda^  Cystiphyllum  amtricanum  and  other  corals 
are  present 4 

1.    Bed   of  gray  limestone  in  layers  three  to  eight 

inches  in  thickness;  containing  Acervularia  pro- 

Junda^  Alveolites  goldfussi,   Strom atopora  sp., 

Stropheodonta    demissa  ^    Spirifer  pennatus,  S, 

/imdriatuSt    and    finely-striated,   Independence 

forms  of  Atrypa  reticularis 6 

In  the  above  section  number  3  is  distinctly  a  coral  zone  that 
succeeds  the  horizon  of  Neivberria  johannis.  The  Newberria 
layers  also  contain  a  few  corals.  The  first  member  contains 
numerous  brachiopod  shells  which  are  usually  associated  with 
the  corals  in  the  layers  below  the  Newberria  zone. 

Some  rods  south  of  the  Maynard  exposure  there  may  be  seen, 
in  the  bed  of  the  river,  undisturbed  masses  of  gray  limestone 
in  which  both  large  q.nd  small  individuals  of  Gypidula 
comis  are  exceedingly  abundant.  These  rocks  also  contain' ' 
occasional  colonies  of  Acervularia  profunda  Hall,  Favosites 
placenta  Rom.,  Productella  subalata  Hall,  Oiihis  iowensis  Hall, 
Dielasma  roemingeri  Hall,  Spirifer  pennatus  Owen,  S.  bimesialis 
Hall,  Cyrtina  hamiltonensis  Hall,  Independence  forms  of  Atrypa 
reticularis^  Linn.,  A.  aspera  var.  Occident  alls  Hall,  and  Phacops 
rana  Green. 
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The  layers  of  the  Maynard  section  belong  to  a  horizon  that 
corresponds  very  closely  with  that  of  the  Devonian  beds 
exposed  in  the  vicinity  of  Fairbank.  The  fauna  seen  in  the 
layers  along  the  bed  of  the  river  some  distance  south  of  May- 
nard would  indicate  a  zone  just  below  the  base  of  the  Ced'ar 
Valley  stage. 

For  a  distance  of  one  mile  north  of  Maynard  there  are 
exposed,  in  every  bend  of  the  river,  limestone  layers  that  are 
included  between  the  Newberria  zone  at  the  top  and  the  horizon 
of  very  abundant  shells  of  Gt/pidula  comia  at  the  base.  Beauti- 
ful coralla  of  Acervularia  profunda  have  weathered  out  along 
this  portion  of  the  river's  channel.  Beds  which  belong  to  this 
horizon  appear  again  at  the  iron  bridge,  three  miles  north  of 
Maynard.  About  four  miles  still  further  down  the  Volga  river, 
at  Eagle  Point,  the  equivalents  of  these  layers  appear  near  the 
top  of  the  bluff  sixty  feet  above  the  water,  and  almost  the 
entire  section  of  the  Wapsipinicon  strata  is  exposed  below 
them.     See  figure  33  on  page  446. 

Near  the  extreme  southwest  corner  of  section  18  of  Westfield 
township,  there  outcrops  a  low,  weathered  ledge  of  limestone 
that  contains  Acervularia  profunda  Hall,  Stropheodonta  demissa 
Conrad,  Orthis  iowensis  Hall,  Dielasma  roefningeri  Hall,  Spirifer 
pennatus  Owen,  Atrypa  reticularis  Linn,  and  A.  aspera  var,  occi- 
dentalis  Hall.  Continuing  north  up  the  hill,  layers  represent- 
ing a  horizon  twelve  to  fifteen  feet  above  this  ledge  are  passed 
over.  In  these  upper  layers  the  form  of  Atrypa  reticularis 
becomes  more  robust  and  more  coarsely  striated.  Spirifer  pen- 
n<dus  is  still  frequent,  while  Dielasma  iowensis  Calvin,  and  Spi- 
rifer suhvaricostis  H.  &  W.  make  their  appearance.  Acervularia 
profunda  Hall,  A.  davidsoni  Ed.  &  H.,  and  Favosites  alpenensis 
Winchell,  are  occasionally  encountered.  These  fossils  indicate 
a  horizon  near  the  base  of  the  Cedar  Yallgy  deposits. 

In  the  southwest  J  of  section  17  of  Union  township,  the  fol- 
lowing layers  are  exposed  in  a  small  quarry  on  the  north  side 
of  the  railroad  track: 
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rasT. 

4 .  ,B6d  of  sand  or  sandy  loess,  with  a  dark  colored 
soil  band  at  the  top 5 

3.     Reddish-brown  clay,  containing  gravel  and  small 

bowlders 3 

^  2.  Ledge  of  gray,  weathered  limestone,  in  rather 
irregular  layers,  which  contain  Acervularia 
profunda ,  PhilHpsasirea  billingsi^  Craspedophyl- 
lum  strictufHy  Favosites  alpenensis  and  Clado- 
pora  magna 3 

1 .  Bed  consisting  of  layers  of  gray  limestone  three 
to  twelve  inches  in  thickness;  containing 
Stropheodonta  demiisa^  Spirifer  pennatus^  S, 
subvaricosus ,  Atrypa  reticularis  and  A .  aspera 
▼ar.  occidentalis S 

About  thirty  rods  to  the  east  of  this  exposure  limestone 
layers  corresponding  with  those  of  the  above  section  are 
worked.  There  is  here  seen,  below  the  horizon  of  number  1,  a 
massive  layer  of  gray  limestone  which  contains  numerous 
geodes  of  calcite  and  carries,  in  the  middle  portion,  abundant 
shells  of  Gypidula  comis  and  Atrypa  reticularis. 

In  the  foregoing  section,  numbers  1  and«2  doubtless  represent 
the  lowermost  of  the  Cedar  Valley  strata,  and  they  probably 
correspond  with  the  Devonian  layers  exposed  near  Maynard 
and  Fairbank. '  They  contain  a  rich  fauna  which  include 
Cyathophyllum  sp.,  Acervularia  profunda  Hall,  Phillipsastrea 
billingsi  Calvin,  Crasyedophyllum strictum  Ed.  &  M.^Heliophyllum 
halli  Ed.  &  H.,  Cystiphyllum  americanum  Ed.  &  H.,  Cladopora 
magna  Hall,  Favosites  placenta  Rominger,  Favosites  sp.,Syringo- 
pora  sp.,  Stropheodonta  demissa  Conrad,  Stropheodonta  sp., 
Spirifer  pennatus  Owen,  S.  Jtmhriata  Morton,  S,  subvaricosus  H. 
&  W.,  Cyrtina  hamiltonensis  Hall,  Atrypa  reticularis  Linn,  and 
A.  aspera  var.  occidentalis  Hall. 

At  the  top  of  the  ledge  in  the  upper  railroad  cut,  in  the 
northwest  J  of  section  30  of  Westfield  township,  there  occur 
numerous  remains  of  corals  which  are  distinctive  of  the 
Acervularia  profunda  horizon.  In  layers  below  the  coral  zone 
were  collected  Pholidosfrophia  nacrea  Hall,  Productella  sp., 
Orthis  macfarlanei  Meek.,  Gypidula  tceviuscula  Hall,  Gypidula 
comis  Owen,  Hypothyris  intermedia  Barris,  the  Atrypas  usually 
associated  with  these  fossils  and  Athyris  vittata  Hall.     Layers 
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of  the  coral  zone  ar^  again  encountered  in  the  northeast  ^  of 
section  17,  Westfield  township,  and  they  appear  at  other  points 
in  this  and  the  adjoining  township  of  Center. 

Probably  the  uppermost  Devonian  layers  that  are  exposed  in 
Fayette  county  appear  in  an  unused  grade  for  a  railroad  that 
was  projected  some  years  ago  between  the  towns  of  Lima  and 
Sumner.  This  abandoned  grade  is  crossed  by  the  Chicago,  Mil- 
waukee &  Saint  Paul  railway,  in  the  southeast  J  of  section  13 
of  Center  township.  At  this  place  the  grade  is  about  twelve 
feet  in  height.  The  materials  of  which  it  was  built  were  taken 
from  shallow  excavations  on  either  side  of,  and  adjacent  to, 
the  ridge.  The  rock  fragments  that  appear  over  the  top  and 
the  sides  of  this  grade  are  very  fossiliferous.  Many  of  the 
pieces  of  yellow  limestone  are  crowded  with  shells  of  Athyris 
vittata  Hall,  and  contain  numerous  individuals  of  Dielasma 
iowenis  Calvin.  At  no  other  point  in  the  state  are  these  two 
species  known  to  occur  in  such  abundance. 

Besides  the  above  fossils  there  were  found  here  Favosites  al- 
penensis  Winchell,  Favosites  sp.,  Syringopora  sp,,  large  individ- 
uals of  Stropheodonta  demissa  Conrad,  the  large,  coarse-ribbed 
form  of  Atrypa  reticularis  Linn.,  a  species  of  Spirifer  related  to 
S.  pennatus  Owen,  S.  subvaricosus  H.  &  W.,  Cyrtina  hamilto- 
nensis  Hall,  Gomphoceras  sp.  and  individuals  of  a  curved 
cephalopod  resembling  a  species  of  Gyroceras. 

The  point  where  the  old  grade  is  crossed  by  the  Milwaukee 
railway  is  about  one  and  one-half  miles  northwest  of  the  second 
railroad  cut,  referred  to  above,  near  the  top  of  which  the 
Acervularia  profunda  and  the  Newberria  johannis  zones  are  to  be 
seen.  It  seems  probable  that  the  horizon  of  the  very  abundant 
Athyris  vittata  and  Dielasma  iowensis  found  on  the  aban- 
doned grade  is  ten  to  fifteen  feet  above  the  zone  of  Acervularia 
profunda,  and  that  the  fragments  which  contain  those  fossils 
represent  the  uppermost  layers  of  Cedar  Valley  limestone  that 
occur  in  Fayette  county. 

A  general  section  of  the  Devonian  strata  known  to  be  exposed 
in  Fayette  county  may  be  arranged  as  follows: 
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GENERAL  DBVOKIAK  8B0TION. 


11.  Layers  represented  by  the  fragments  which  are 
found  on  the  nnnsed  railroad  g^ade,  in  the 
southeast  X  of  section  13  of  Center  township; 
containing  rock  masses  crowded  with  shells 
of  Athyris  vtttata  and  bearing  numerous  in- 
dividuals of  Dielasma  iawensis^  besides  large 
individuals  oi  Stropheodonta  demissa  and  of 
the  coarse-ribbed  form  of  Atrypa  reticularis,  12 

10.  Coral  zone  made  up  of  gray  limestone  which 
contains  Cyathophyllum  sp. ,  Acenmlaria  pro' 
funda^  Cystiphyllum  americanufHt  Meliophyl* 
lum  halli,  FavosiUs  aipenensis  and  other 
species  of  corals 2>^ 

9.  Bed  consisting  of  thin  layers  of  gray  limestone, 
some  of  which  are  domposed  almost  wholly 
of  detached  valves  ol  Newberriajohannis^  also 
containing  Actrvularia  profunda  ^  Cystiphyl- 
lutn  americanum  and  Cladopora  magna 4 

8.  Bed  of  gray  limestone,  in  layers  three  to  twelve 
inches  in  thickness;  containing  Acervularia 
profunda,  Alveolites goldfus si,  Stropheodonta 
demissa^  Spirifer  pennatus,  S,  subvaricosus , 
S.  fimMatus,  Atrypa  aspera  var.  occidentalis 
and  A,  reticularis 6 

7.  Bed  of  limestone,  in  places  dolomitic,  in  some 
places  gray  and  in  others  yellow  in  color; 
containing  very  numerous  individuals  of 
Gypidula  comis,  also  Productella  subalata, 
Orthis  iowensiSf  Dielasma  roeminjceri,  Spirifer 
pennatus,  S»  bimesialis,  Cyrtina  Aamiltonensis, 
Independence  forms  of  Atrypa  reticularis  and 
Pkacops  rana 4>^ 

6.  Bed  made  up  of  somewhat  shattered  layers  of 
yellow  colored,  fine-grained,  earthy  limestone, 
three  to  nine  inches  in  thickness;  containing 
the  species  of  Atrypa  found  in  number  5.  Small 
cavities  lined  with  crystals  of  calcite  are 
abundant  in  the  upper  portion Hi 

5.     Bed  of  yellow,  impure,   magnesian  limestone, 
rather  fine-grained,  in  imperfect  layers  one 
and  one-half  to  three  feet  in  thickness;  contain- 
ing Gypidula  comis,  Spirifer  pennatus  Atrypa 
reticularis  and  A.  aspera  var.  occidetttalis , ...      81 
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rsBT. 
4.  Bed  of  gray  limestone,  consistins:  of  layers  two  to 
two  and  oDe:balf  feet  in  thickness;  somewhat 
fractured  but  the  masses  Jiot  displaced  to  such 
an  extent  but  that  the  layers  can  be  recognized. 
The  large  fragments  contain  Favosites  placenta^ 
Stroph€odania  dcfmssAt  Pholidostrophia  nacrea, 
Productella  subalata^  Orthis  iawensis^  Gypi- 
dula  comis,  Spirifer  pennatus,  two.  species  of  . 
Atrypa,  Athyris  viitata  and  tritors  of  Ptyctodus 
calceolus 10 

3.  Bed  of  gray  or  yellowish  colored,  calcareous, 
shale;  quite  indurated  and  non-fossiliferous; 
showing  but  scant  traces  of  brecciation 6 

2.  Brecciated  bed,  composed  ol  slate  coloied  frag 
ments  of  very  hard,  fine-grained  limestone 
imbedded  in  a  matrix  of  fine-grained,  calcareous 
material  that  is  lighter  in  color.  Many  of  the 
fragments  show  delicate,  closely  crowded  lines 
of  lamination;  no  fossils 11 

1.  Ledge  of  yellow  colored,  fine-grained  limestone, 
which  is  finely  laminated,  and  weathers  into 
thin  fragments.  In  places  this  bed  shows 
small  brecciated  areas,  without  fossils. ...     10 


Besidual  Materials. 

Geest  or  residual  materials  that  have  been  derived  from  the 
decay  of  the  native  rocks  of  the  county  are  conspicuous  at 
numerous  points  over  the  area  of  the  Niagara  outcrop.  They 
present  two  phases,  one  of  which  consists  of  yellowish,  inco- 
herent grains  of  dolomite  sand,  and  the  other  is  composed  of 
angular  chert  fragments  imbedded  in  a  small  amount  of  tough, 
reddish  colored  clay.  Both  of  these  phases  are  a  product  of  the 
secular  decay  of  the  Niagara  dolomite. 

The  sandy  phase  of  the  geest  is  encountered  over  the 
the  foothills  and  along  the  wagon  road  near  the  east  side  of 
section  3,  and  between  sections  10  and  11  of  Smithfield  town- 
ship. Such  sands  are  also  abundant  at  the  base  of  the  Niagara 
escarpment  and  along  the  wagon  road  across  the  center  of  sec- 
tion 36,  lUyria  township.  They  are  present  at  several  other 
points  where  the  cutting  of  the  streams  has  long  exposed  ledges 
of  the  more  granular  dolomite  to  the  action  of  weathering. 
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Residual  cherts  underlie  the  loess  and  drift  over  the  greater 
portion  of  the  townships  of  Fairfield  and  Smithfield.  They  are 
mingled  with  the  ferruginous  clay  and  gravel  that  are  exposed 
in  the  roadside  in  the  southwest  J  of  section  29,  lUyria  town- 
ship, and  near  the  middle  of  section  12  of  Fairfield  township. 
They  appear  at  the  top  of  a  bluff  near  the  south  side  of  section 
19,  Pleasant  Valley  township.  Red  colored,  residual  products, 
containing  occasional  pebbles  and  bowlders,  overlie  the  Niagara 
limestone  at  Williams'  quarry,  and  they  are  present  in  the  roadl 
side  near  the  middle  of  section  15,  Westfield  township.  Such 
materials  are  usually  to  be  seen  overlying  the  dolomite  .  in  the 
northeastern  portion  of  Fayette  county. 


PLBISTOCBNE  8T8TEM. 

All  of  the  deposits  of  the  Pleistocene  system  in  Iowa  consist 
of  unconsolidated  materials.  They  rest  unconformably  upon, 
and  are  separated  by  an  enormous  time  interval  from,  the  rocks 
of  the  Paleozoic  and  Mesozoic  groups. 

The  Pleistocene  materials  are  composed  of  sheets  of  glacial 
drift  and  beds  of  fluvial  and  wind  deposits.  Of  the  Glacial  se- 
ries there  are  represented  in  Fayette  county  the  deposits  of  the 
pi:e-Eansan,  the  Kansan  and  the  lowan  ice  ages.  The  known 
aggregate  thickness  of  the  glacial  deposits  of  oar  area  varies 
from  zero  to  more  than  one  hundred  and  fifty  feet. 

PRE-KANSAN  STAGE. 

Some  years  ago  the  Chicago  Great  Western  Railroad  Company 
made  a  cut  thirty  feet  in  depth  through  a  ridge  of  Pleistocene 
materials  a  short  distance  southeast  of  the  town  of  Oelwein. 
The  sides  of  this  cut  have  since  slipped  down  to  some  extent, 
and  they  are  at  present  somewhat  sodded. over.  The  following 
section  of  this  exposure  is  taken  from  a  report  that  was  given 
of  the  same,  at  a  meeting  of  the  Iowa  Academy  of  Sciences* 
soon  after  the  excavation  was  made. 


*Bejer:    Proo.  Iowa  Aoad.  Solenoes,  VoL  IV,  p.  60. 
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5.  Bowlder  clay,  rather  dnll  yellow  in  color;  the  up- 
per portion  modified  into  a  thin  soil  layer. 
L4irge  bowlders,  mainly  of  granite,  are  present 
often  resting  on  or  partially  imbedded  in  the 
deposits  lower  in  the  series .     (lowan) 0-10 

4.  Sand  and  gravel,  not  a  continuous  deposit;  often 
showing  water>ction  expressed  in  parallel  strati- 
fication lines  and  false  bedding.  The  gravels 
are  usually  rather  fine  and  highly  oxidised. 
(Buchanan) 0-2 

3.  Till,  usually  bright  yellow  above,  grading  into  a 
gray-blue  when  dry  or  a  dull-blue  when  wet, 
below.  This  deposit  is  massive  and  exhibits  a 
tendency  to  joint  when  exposed.  Decayed 
granite  bowlders  are  common .     (Kaasan) 3-20 

2.  (a)    Fine-grained,  white  sand,  much  waterwom; 

often  with  a  slight  admixture  of  silt  and  clay. . .  0^}4 
(b)  Vegetable  layer  and  soil,  from  two  to  four 
inches  of  almost  pure  carbonaceous  matter,  with 
one  to  three  feet  highly  charged  with  humus. 
The  peaty  layer  often  affords  specimens  of  moss 
(Hypnum)  in  a  perfect  state  of  preservation. 
(Aftonian) 0-4 

1 .  Drift ,  greenish  blue  when  wet  or  gray-blue  with  a 
greenish  cast  when  dry.  Greenstones  and  vein 
quarts  pebbles  predominate.    (Pre-Kansan) .  •     10 

In  the  foregoing  section  the  first  member  represents  a  bed 
of  pre-Kansan  drift  which  exhibits  this  material  in  its  typical 
bluish  color  and  with  its  characteristic  constituents  of  green- 
stone and  quartz  pebbles  and  small  bowlders.  While  the  sides 
of  the  excavation  were  fresh  and  unweathered  this  cut  furnished 
one  of  the  most  satisfactory  exposures  of  the  pre-Eansan  drift 
that  has  been  found  in  the  state.  Owing  to  the  fact  that  the 
succeeding  Kansan  ice  sheet  carried  an  exceedingly  large 
amount  of  glacial  detritus,  and  that  it  was  even  more  widely 
extended  than  the  pre-Eansan,  the.latter  drift  can  be  observed 
in  our  state  only  at  rare  intervals  where  excavations  or  erosion 
have  cut  through  the  deep  mantle  of  Eansan  materials  at  such 
fortunate  points  as  to  reveal  a  bed  of  older  drift  underlying  it 
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AFTONIAN    STAGE 

The  second  member  of  the  Oelwein  section  represents  a  layer 
of  carbonaceous  matter  which  was  derived  from  the  products 
of  plant  decay  through  a  long  series  of  years.  In  the  lower 
portion  of  this  member  there  occurred  a  compact  bed  of  moss 
which  contained  no  admixture  of  foreign  matter.  A  large  pro- 
portion of  this  moss  bed  was  made  up  of  the  well  preserved  re- 
mains of  a  single  species,  Hj/pnum  (Harpidium)  fluitans  Linn. 
Besides  the  above  species  Professor  Holzinger  and  Dr.  G.  N. 
Best*  have  found  occasional  stems  of  two  other  aquatic  forms, 
Hypnum  iHarpidium)  revolvens  Swartz,  and  Hypnum  iCallier- 
gon)  richardsoni  Lesq.  and  James.  Numerous  fragments  of 
the  wood,  branches  and  roots  of  some  coniferous  trees  were 
found  in  the  lower  portion  of  the  till  immediately  overlying 
number  2.  These  are  probably  the  remains  of  trees  that  flour- 
ished over  the  Aftonian  surface,  and  which  were  overwhelmed 
by  the  advance  of  the  Kansan  glacier.  Professor  Macbridef 
has  considered  these  wood  fragments  to  be  identical  with  that 
of  Larix  americana  Mx. 

It  is  worthy  of  note  that  the  moss  species,  whose  remains 
were  found  in  the  second  member  of  the  section,  as  well  as  the 
pieces  of  larch  wood  that  came  from  the  horizon  of  the  old  Af- 
tonian surface,  are  forms  that  thrive  at  present  in  more  north- 
ern latitudes.  It  is  probable  that  the  climatic  conditions  of 
the  Aftonian  interglacial  age  were,  at  least  toward  the  close  of 
the  interval,  less  mild  and  genial  in  this  portion  of  our  country 
than  those  which  the  region  has  enjoyed  in  recent  times. 

KANSAN  STAGE. 

Kansan  Drift. — A  very  large  proportion  of  all  the  Pleistocene 
deposits  that  occur  in  Fayette  county  is  composed  of  Kansan 
drift.  Over  all  but  the  northeastern  portion  of  the  area  the 
mantle  of  the  Kansan  material  is  deep.  A  well  put  down  in 
the  southwest  J  of  section  26,  Smithfleld  township,  on  land 
owned  by  W.  B.  Stevenson,  penetrated  114  feet  of  superficial 


*The  Bryologiflt,  November,  190B. 

fMaobride:  Proo.  Iowa  Aoad.  Sciences,  Vol.  IV,  p.  66. 
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materials  before  the  indurated  rock  was  encountered.  In 
drilling  a  well,  one  mile  west  and  one-half  mile  north  of  this 
place,  a  thickness  of  130  feet  of  these  deposits  was  passed 
through.  A  well  put  down  one-half  mile  east  of  Mr.  Steven- 
son's, on  the  farm  of  William  Gordon,  penetrated  112  feet  of 
drift.  In  each  of  the  above  wells,  much  the  greater  part  of  the 
depth  was  through  drift  of  Kansan  age. 

Over  a  large  portion  of  the  surface  of  the  county  the  Kansan 
till  is  buried  beneath  the  more  recent  deposit  of  lowan  drift, 
or  is  covered  by  a  blanket  of  loess  or  sand  that  was  laid  down 
over  the  extra-Iowan  areas.  Here,  as  elsewhere  in  the  atate, 
the  top  of  the  Kansan  drift  shows  evidence  of  having  been 
very  long  exposed  to  erosion  and  to  the  leaching  and  oxidizing 
action  of  the  atmosphere  before  it  was  covered  by  the  later 
deposits.  On  the  slopes  and  along  the  ravines  where  recent 
erosion  has  exposed  this  till,  the  upper  portion  of  the  material 
has  been  leached  of  its  lime  constituent  for  some  depth.  The 
small  amount  of  iron  which  this  part  of  the  drift  contained  has 
been  so  completely  oxidized  that  it  imparts  a  reddish-brown 
color  to  a  depth  of  two  or  three  feet.  This  red,  ferretto  zone 
grades  downward  to  a  less  perfectly  oxidized,  yellow  colored 
bowlder  clay  which,  at  a  depth  of  ten  to  fifteen  feet,  merges 
gradually  through  gray  into  bluish  colored  till  of  the 
unchanged  Kansan  deposit. 

The  upper,  leached  and  oxidized  portion  of  the  Kansan.  drift 
sheet  is  very  uneven.  The  later  drift  and  the  beds  of  loess  and 
sand  were  spread  over  a  surface  that  was  deeply  furrowed  by 
erosion. 

The  crystalline  pebbles  and  bowlders  of  the  Kansan  till  in 
Fayette  county  are  such  as  are  characteristic  of  this  deposit  in 
other  portions  of  the  state.  The  bowlders  are  seldom  of  large 
size.  Many  of  them  show  beautifully  polished  and  striated 
surfaces.  Masses  of  dark  colored,  microcrystalline  trap  or 
greenstone  predominate.  Quartz  fragments  are  common,  and 
granite  bowlders  are  not  rare.  Many  of  the  latter  are  in  an 
advanced  stage  of  disintegration. 

In  the  extreme  northeastern  portion  of  the  county  the  greater 
part  of  the  drift  material  has  been  removed  by  erosion,  yet  it 
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seems  probable  that  the  Eansan  ice  sheet  overspread  the  entire 
area,  and  left  its  mantle  of  glacial  detritus  over  all  of  the  sur- 
face.. At  numerous  points  in  the  townships  of  Fairfield  and 
Westfield  the  soil  band  is  underlain  by  residual  cherts,  which 
are  mingled  with  crystalline  pebbles  and  small  bowlders  and 
imbedded  in  a  matrix  of  highly  feiTuginous  clay.  Exposures 
of  such  materials  are  common  along  the  roadsides.  They  may 
be  seen  near  the  middle  of  the  east  half  of  section  15  of  West- 
field  township,  and  near  the  southwest  corner  of  section  29, 
Illyria  township. 

Highly  oxidized  Kansan  drift,  overlain  by  loess,  may  be  seen 
in  the  northeast  \  of  section  2,  and  near  the  southeast  corner  of 
section  10  of  Union  township.  Such  materials  are  exposed  a 
short  distance  north  of  the  middle  of  the  south  side  of  section 
10,  and  about  the  middle  of  the  line  between  sections  5  and  6  of 
Dover  township.  They  also  appear  near  the  middle  of  the 
south  side  of  section  3(),  in  the  same  township. 

Granite  and  greenstone  pebbles  and  bowlders,  mingled  with 
clay,  may  be  seen  in  the  wagon  road  a  short  distance  east  of  the 
middle  of  the  line  between  sections  1  and  12  of  Clermont  town- 
ship, and  near  the  middle  of  the  line  between  sections  13  and 
24  of  the  same  township.  Such  drift  materials  also  appear 
near  the  middle  of  section  8,  and  of  section  17,  Clermont 
township.  The  superficial  materials  that  overlie  the  Niagara 
limestone  at  Williams'  quarry  contain  occasional  pebbles  and 
small  bowlders,  and  seem  to  consist,  in  part,  of  glacial  till. 
Along  the  top  of  the  bluff  northeast  of  the  town  of  Clermont 
bowlders  of  crystalline  rock  two  to  three  feet  in  diameter  are 
not  rare.  It  seems  probable  that  the  margin  of  the  Kansan 
glacier  extended  but  a  short  distance  east  of  this  portion  of 
Fayette  county. 

Buchanan  Gravels. — The  Buchanan  gravels  are  derived  from 
the  Kansan  drift.  They  were  separated  from  the  finer  constit- 
uents of  the  drift  by  the  sorting  action  of  water,  and  were 
deposited  along  the  channels  of  the  turbulent  streams  which 
carried  off  the  water  that  resulted  from  the  melting  of  the 
Kansan  glacier.  Thus,  in  point  of  age,  the  Buchanan  gravels 
were  contemporaneous  with  the  withdrawal  of  the  Kansan  ice 
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sheet.    Tbey  belong  to  the  very  latest  portion  of  the  Kansan 
stage  and  the  very  beginning  of  the  Tarmouth. 

The  deposits  of  Buchanan  gravel  present  two  phases.  Some- 
times they  consist  of  very  coarse  materials  in  which  bowlders 
ranging  in  size  from  a  few  inches  to  one  foot  in  diameter  are 
not  rare.    Snob  deposits  are  known  as  the  upland  phase.  Other 


na.  4S.  ~  Baabkun  irkTsliln 


beds  are  composed  of  sand  and  small  pebbles,  a  large  propor- 
tion of  which  are  less  than  one  inch  in  diameter.  These  de- 
posits "constitute  the  valley  phase.* 

>e  BiDMli  al  CbeM  phwM  of  BoohaDSD  BrmTel,  Ma  lom  Q«ol. 
nd  V<d.  ZIII,  p.  a. 
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All  of  the  beds  of  the  Buchanan  gravel  that  were  seen  in 
Fayette  county  belong  to  the  valley  phase.  That  they  were 
laid  down  by  streams  whose  currents  were  exceedingly  varia- 
ble is  indicated  by  the  lack  of  uniformity  in  the  size  of  the  con- 
stituent materials,  and  in  the  cross-bedding  which  is  a  very 
common  and  conspicuous  feature  of  these  deposits.  This  will 
appear  in  figure  48.  The  materials  are  usually  much  weath- 
ered and  very  strongly  stained  with  iron.  The  beds  vary  from 
three  or  four  feet  to  more  than  twenty  feet  in  thickness. 
Sometimes  they  occur  in  broad  belts  along  the  lowlands  as  if 
the  streams  which  carried  them  initiated  drainage  lines  that 
have  since  been  followed.  They  are  sometimes  found  over  the 
uplands;  occasionally  forming  ridges  or  elevations  which  rise 
some  feet  above  the  general  level  of  the  surrounding  surface. 
In  such  cases  it  would  seem  probable  that  they  were  laid  down 
while  the  ice  still  occupied  the  areas  that  now  appear  as  the 
lower  lands.  Beds  of  Buchanan  gravel  are  exposed  at  a  num- 
ber of  points  in  Fayette  county.  Their  distribution  is  indicated 
on  the  accompanying  map  of  the  Superficial  Materials  of  the 
area. 

lOWAN  STAGEr 

lowan  Drift. — During  the  greater  part  of  the  Yarmouth 
interglacial  interval,  and  all  of  the  Illinoian  glacial,  and  the 
Sangamon  interglacial  ages  the  surface  of  the  Kansan  drift  in 
Fayette  county  was  subjected  to  the  erosive  action  of  the  rains 
and  streams,  and  to  the  chemical  action  of  the  amosphere  and 
of  the  products  of  plant  decay.  It  was  during  these  ages  that 
the  profound  leaching  and  oxidaticm  and  erosion  of  the- upper 
portion  of  the  Kansan  drift  were  largely  accomplished . 

The  lowan  ice  sheet  covered  nearly  two-thirds  of  the  area  of 
Fayette  county.  Its  limits  have  been  traced  under  the  discus- 
sion of  Topography.  The  drift  of  this  age  is  thin.  In  many 
places  over  the  lowan  plain  very  slight  erosion  has  exposed  the 
oxidized  surface  of  the  Kansan.  Where  the  lowan  drift  can  be 
well  seen,  asin  thesoutheast^^  of  section  27,  Jefferson  town^ 
ship,  it  consists  of  yellow  clay  which  carries  numerous  bowlders 
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of  coarse-grained,  gray  or  pink  granite.  The  lowan  surface  is 
practically  aneroded,  unleached  and  unoxidized,  and  its  bowl- 
ders of  granite  show  but  slight  signs  of  decay. 

A  very  conspicuous  and  characteristic  feature  of  the  lowan 
drift  area  is  the  very  numerous  bowlders  of  large  size  that  are 
strewn  over  the  surface.  Such  large  granite  masses  are  con- 
spicuous in  the  townships  of  Jefferson,  Oran,  Fremont,  Banks 
and  Bethel.  Near  the  eastern  border  of  the  lowan  drift  plain 
the  bowlders  are  even  more  abundant,  but  they  are  usually 
much  smaller  in  size.  At  several  points  in  the  townships  of 
Putnam,  Smithfield  and  Windsor  they  have  been  gathered  from 
the  fields  and  thrown  in  great  piles,  or  heaped  in  long  wind- 
rov^  along  the  roadsides. 

There  seems  to  belittle  order  or  regularity  in  the  distribu- 
tion of  the  bowlders.  Over  some  portions  of  the  lowan  area 
they  are  sparsely  scattered,  while  over  others  they  are  strewn 
so  thickly  as  to  be  serious  obstacles  to  the  cultivation  of  the 
land.  They  are  decidedly  more  abundant  over  the  marshy 
depressions  and  along  the  flanks  of  the  swells.  The  causes 
which  resulted  in  leaving  much  the  greater  number  of  lowan 
bowlders  over  the  lower  lands  seem  somewhat  obscure.  They 
could  hardly  have  been  exposed  in  the  depressions  through  the 
action  of  erosion  in  removing  the  finer  constituents  of  the  drift, 
for  the  surface  over  these  portions  of  the  lowan  plain  seems  to 
have  suffered  almost  no  erosion,  and  exists  today  practically  as 
it  was  left  when  the  lowan  glacier  melted  from  the  region. 

Professor  Calvin*  has  shown  that  the  bowlders  that  were 
carried  by  the  lowan  glacier  were  imbedded  in  the  lower  sur- 
face of  the  ice.  As  the  ice  sheet  moved  over  slight  and  rela- 
tively narrow  concavities  the  pressure  upon  these  sub-glacial 
bowlders  would  be  partially  relieved,  and  there  would  be  a 
tendency  for  some  of  them  to  become  permanently  lodged  in 
the  -depressions. 

The  lowan  ice  sheet  was  comparatively  thin  and  it  carried 
but  a  small  amount  of  glacial  debris.  Owing  to  the  wide' ex- 
tension of  such  a  thin  ice  sheet,  it  is  p'robsble  that  the  line  of 
ice  movement,  within  some  miles  of  the  margin/' fluctuated 


*Oftl?tn:    loWftGeol.  Snry.,  Vol.  XIH,  pp.  886  And 886. 
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with  the  climatic  variations  during  successive  series  of  years. 
There  may  have  been  periods  during  which,  toward  the  glaciers^ 
margin,  the  movement  ceased  and  the  ice  became  dead  and 
melted  where  it  came  to  rest.  Then  again  there  would  probably 
return  conditions  that  would  favor  the  advance  of  the  line 
of  ice  movement.  During  the  periods  of  slackened  movement 
of  the  glacier,  as  the  dead  ice  melted  the  bowlders  which  it 
bore  would  be  left  irregularly  distributed  upon  the  drift  sur- 
face. They  could  not  have  been  buried  to  any  great  extent  on 
account  of  the  small  amount  of  fine  detritus  that  the  lowan  ice 
sheet  carried.  With  another  advance  of  the  ice  movement  the 
loose  bowlders  that  were  left  over  the  surface  would  be  pushed 
forward  by  the  ice  for  a  short  distance  until  they  became 
stranded  in  the  depressions  which,  then  as  now,  were  abundant 
over  the  lowan  surface.  It  would  seem  probable  that  the  dis- 
tance the  bowlders  were  moved,  in  this  final  shifting  of  their 
position,  would  be  too  short,  and  the  ice  mass  at  such  points 
would  be  too  thin  to  result  in  abrasion  to  an  extent  that  would 
leave  permanent  marks  of  glaciation  upon  them. 

The  lowan  Loe.s.s.— The  homogeneous,  fine-grained,  yellow 
colored,  superficial  materia],  called  loess,  forms  a  thick  mantle 
over  all  of  the  Eansan  drift  area,  except  where  it  has  been 
removed  in  the  development  of  the  channels  of  the  streams. 
While  the  deposit  of  loess  is  deep  over  all  of  the  Kansan  drift 
plain,  it  shows  the  greatest  depth  over  a  belt  adjacent  to  the 
lowan  border.  As  is  usual  around  the  immediate  margin  of  the 
lowan  area,  the  deposit  of  loess  is  so  thick  over  the  hills  that 
their  summits  stand  several  feet  higher  than  those  at  some  dis- 
tance from  the  To  wan  plain.  A  few  knobs  and  ridges  that  lie 
within  the  lowan.  drift  area  are  also  crowned  with  loess. 

The  lowan  loess,  like  the  lowan  drift,  is  a  very  recent  deposit 
as  compared  with  the  Kansan  till  upon  which  it  rests.  It  is 
largely  unleached  of  its  lime  constituent  and  seldom  shoved 
more  signs  of  oxidation  in  one  portion  than  in  another. 

Professor  Calvin  has  shown  that  the  loess  which  forms  a 
thick  deposit  for  a  width  of  some  miles  around  the  margin  of 
the  lowan  plain  was  probably  derived  from  the  lowan  drift  by 
some  process  of  transportation  outward  from  the  lowan  gla- 
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ciers*.  Sach  origin  is  suggested  from  the  geographical  relation 
which  this  hody  of  loess  sustains  to  the  lowan  margin,  from  its 
color  and  its  composition,  and  from  its  general  position,  like 
the  lowan  drift,  overlying  the  old,  eroded,  leached  and  oxidized 
Kansan  surface.  The  fact  that  this  loess  is  occasionally  found 
covering  the  highest  elevations  over  the  lowan  plain,  or  that  it 
sometimes  occurs  as  a  thin  mantle  lying  above  lowan  drift,  is 
not  inconsistent  with  the  reference  of  its  age  to  the  lowan,  and 


u-  the  DUddU  or  Um 


its  origin  to  the  lowan  glaciers.  Here  as  in  other  portions 
of  the  state,  the  loess  carries  fragile  shells  of  air-breathing, 
herbivorous  gastropods.  Such  an  exposure,  in  the  west  bank 
of  the  Turkey  river,  is  shown  in  figure  49.  This  material  does 
not  tend  to  level  up  the  surface,  but  conforms  to  the  ineqaalities 
of  the  underlying  drift.    It  is  not  generally  a  stratified  deposit. 

"  •OalTln:IawkQfOl.  Borr..  Vol,  XIII.  p.  TO,  and  Vol.  VH,  p.  B9. 
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All  of  the  facts  that  are  presented  by  the  loess  in  Fayette 
county  are  consistent  with,  and  are  best  explained  by,  the  as- 
sumption that  it  was  transported  and  deposited  by  currents  of 
air;  and  that  the  greater  portion  of  the  material  was  laid  down 
contemporaneous  with  the  invasion  of  the  lowan  glaciers  and 
immediately  succeeding  their  withdrawal.  There  seems  no 
doubt  but  that  wind  deposits  somewhat  resembling  the  lowan 
loess  materials  are  taking  place  at  the  present  time.  It  is  not 
unlikely  that  a  portion  of  this  fine-grained  material  in  Fayette 
pounty  has  been  shifted,  worked  over,  and  redeposited  since 
the  lowan  age. 

In  the  southern  and  western  portions  of  the  state,  the 
thicker  beds  of  loess  are  found  in  such  a  relation  to  the 
channels  of  the  larger  streams  as  to  indicate  that  this  ma- 
terial might  have  been  gathered  by  the  winds  from  the  flood 
plains  and  alluvial  bars,  and  deposited  on  the  bluffs  or  slopes 
of  the  uplands,  in  places  where  the  air  currents  were  ob- 
structed or  where  the  dust-like  material  was  caught  and  re- 
tained by  vegetation.  It  seems  certain,  too,  that  at  several 
other  points  in  the  state  there  are  areas  in  which  the  loess  can 
not  be  referred  to  the  lowan  age,  and  in  which  beds  of  loess 
are  exposed  within  relatively  short  distances  which  are  not 
contemporaneous  deposits.*  However,  in  this  portion  of  the 
state,  and  further  south  in  the  counties  of  Tama,  Benton  and 
Johnson,  the  much  more  intimate  relation  which  the  thickest 
deposits  of  loess  sustains  to  the  lowan  border  than  to  the  val- 
leys of  the  larger  streams  makes  the  impression  in  the  field 
overwhelmingly  in  favor  of  the  greater  portion  of  this  accu- 
mulation having  taken  place  during,  and  immediately  follow- 
ing, the  stage  of  lowan  glaciation. 

lowan  Gravels. — Deposits  of  un weathered  gravels  of  lowan 
age  appear  in  the  upper  part  of  the  gravel  terrace  that  is  ex- 
posed at  various  points  along  the  Turkey  and  Little  Turkey 
rivers.  The  fresh  character  of  the  upper  gravels  as  compared 
with  the  very  ferruginous  and  decayed  materials  at  the  base  is 
well  shown  at  the  exposure  near  the  Huntsinger  bridge,  two 
and  one-half  miles  east  of  Eldorado.  See  figure  36  on  page 
452.  At  this  place  there  are  seen  occasional  lens-shaped  masses 
of  loess  imbedded  in  the  coarser  terrace  material.     One  such 

^See  lown  Oeol,  Sunrey,  Vol.  XUI,  pp.  8S8-880. 
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body  of  loess,  buried  beneath  eight  feet  of  gravels  measured 
fourteen  feet  in  length  and  had  a  maximum  height  of  three  feet. 
It  contained  a  number  of  fossils  among  which  several  individ- 
uals of  two  or  three  of  the  more  common  loess  species  were 
collected.  This  loess  mass  was  underlain  with  a  depth  of  two 
or  three  feet  of  fresh  looking  gravel,  below  which  there  was 
exposed  a  thickness  of  about  eight  feet  of  old  and  much  iron- 
stained  terrace  material. 

There  is  no  place  in  the  immediate  locality  from  which  it 
seems  probable  that  these  lenses  of  loess  could  have  slipped 
down  to  their  present  position.  Possibly  such  masses  are 
fragments  of  pre-Iowan  loess  bodies;  or  it  may  be  that  they  be- 
came detached  from  beds  that  were  deposited  on  the  slopes 
beyond  the  lowan  margin,  while  this  ice  sheet  occupied  the 
area  a  short  distance  to  the  west.  During  the  time  of  melting 
of  the  lowan  glacier,  and  while  the  flooded  streams  were  carry- 
ing ice  floes  and  coarse  material,  such  masses  may  have  been 
dislodged  from  the  place  of  their  deposition,  and  having  slid 
down  upon  cakes  of  ice  they  could  be  carried  without  disturb- 
ance, while  frozen,  and  imbedded  with  the  accumulating  ter- 
race deposit. 

DEFORMATIONS  AND  UNCONFORMITIES, 

A  slight  folding  of  the  strata  may  be  seen  in  the  east  bank  of 
a  small  stream  near  the  middle  of  the  east  side  of  section  19, 
Clermont  township.  See  figure  40  on  page  472.  The  horizon  of 
Orthis  whit/ieldi,  in  the  Lower  Maquoketa  beds,  is  involved  in 
this  flexure.  It  seems  probable  that  the  deformation  here  is 
due  to  a  local  creeping  of  the  shales  under  pressure  from  the 
hill  above,  rather  than  to  a  widespread  crumpling  of  the 
layers. 

Where  the  Niagara  strata  are  exposed  in  the  railroad  cut,  at 
the  "Backbone",  about  two  and  one-half  miles  southeast  of  West 
Union,  the  layers  show  undulations  in  which  the  low  anti- 
clines are  one  to  one  and  one  half  feet  in  height.  A  fold  in  the 
Niagara  limestone,  eighty  to  one  hundred  feet  in  vertical 

height^  is  indicated  b;  the  outcrop  of  layers  of  the  Newberna 
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iohannis  zone  of  the  Devonian  strata,  in  the  town  of  Fairbank, 
at  an  altitude  forty  feet  lower  than  the  top  of  the  Niagara 
ledge  that  is  exposed  two  miles  to  the  northward,  in  the  east 
bank  of  a  branch  of  the  Wapsipinicon  river.  In  the  deep  rail- 
road cut,  at  Fayette,  small  undulations  appear  in  the  layers  of 
the  Wapsipinicon  stage  at  the  base  of  the  Lower  Davenport 
breccia.  The  crushed  and  shattered  materials  near  the  top  of 
the  Wapsipinicon  deposits  form  another  example  of  deforma- 
tion in  the  Devonian  strata. 

The  most  conspicuous  unconformity  that  was  encoun- 
tered in  this  area  is  that  between  the  Pleistocene 
deposits  and  the  indurated  beds  upon  which  they  rest.  The 
loess  and  the  lowan  drift  were  also  spread  unconformably  over 
the  eroded  surface  of  the  Kansan  till. 

Soils. 

A  considerable  variety  of  soils  is  represented  in  Fayette 
county.  The  most  productive  type,  and  the  one  most  widely 
distributed,  is  that  which  has  been  developed  upon  the  lowan 
drift.  This  soil  is  dark  colored  and  usually  deep.  It  is  gener- 
ally rich  in  humus  and  in  all  of  the  plant  foods  that  result  from 
the  decay  of  organic  matter.  In  this  soil  the  mineral  constit- 
uents are  unleached  and  undecayed.  It  contains  an  abundance 
of  lime  and  other  inorganic  substances  that  contribute  to  the 
growth  of  plants.  This  soil  is  so  granular  and  porous  that  it 
does  not  run  together  or  bake  from  the  effects  of  excessive 
rains.  It  is  light  and  warm,  and  easily  worked.  It  responds 
most  generously  to  intelligent  methods  of  cultivation,  and  is 
altogether  one  of  the  most  fertile,  satisfactory  and  important 
soil  types  found  in  the  state. 

There  are  occasional  areas  over  the  lowan  plain  in  which  the 
drift  has  been  modified  by  a  more  recent  deposit  of  wind- 
blown sand.  Such  tracts  are  more  common  in  the  vicinity  of 
the  larger  streams  over  the  townships  of  Jefferson,  Oran,  Fre- 
mont, Center  and  Eden.  Such  soil  is  warm  and  mellow.  It  is 
favorable  for  maturing  early  crops,  but  it  is  less  productive  and 
more  sensitive  to  drouth  than  the  soil  on  the  more  typical 
lowan  drift. 
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Over  the  greater  portion  of  the  Eansan  drift  area  the  soil  has 
been  developed  upon  a  deep  mantle  of  loess.  This  loess  soil  is 
fine-grained,  is  quite  porous,  and  contains  an  abundance  of  lime. 
Where  the  slopes  are  not  so  steep  as  to  cause  rapid  rainwash, 
and  thus  prevent  an  accumulation  of  humus  in  the  superficial 
portion,  this  loess  soil  ranks  with  the  best  in  its  endurance  and 
productiveness.  Areas  of  exceptionally  fertile  loess  soil  occur 
north  of  West  Union,  and  east  of  the  village  of  Taylorsville. 
Too  often,  however,  the  loess  areas  are  very  hilly,  and  unless 
great  care  is  exercised  in  their  cultivation,  the  I'ains  furrow  the 
fields  with  gullies  and  soon  remove  the  humus  and  other  plant 
foods  that  may  have  accumulated  previous  to  the  attempts  at 
tillage.  When  this  soil  has  never  been  disturbed  by  the  plow 
it  produces  the  best  of  crops  of  blue  grass.  Even  the  steeper 
slopes  furnish  excellent  pasturage  which  grows  constantly  bet- 
ter with  the  passing  years. 

Along  the  flood  plains  of  the  streams  there  has  been  devel- 
oped an  alluvial  type  of  soil  of  superior  quality.  Over  these 
level  areas  leaching  and  washing  are  at  the  minimum.  This 
alluvium- usually  consists  of  the  very  cream  of  the  superficial 
materials  that  has  been  washed  from  the  slopes  of  the  basin 
which  is  drained  by  the  respective  streams.  The  subsoil  is 
usually  sufficiently  porous  to  insure  good  underdrainage.  Where 
these  soils  are  not  too  sandy,  they  are  prevailingly  productive 
and  rank  among  the  best  in  endurance. 

The  most  important  alluvial  areas  are  found  over  the  fiood 
plain  of  the  Turkey  river,  and  along  the  Little  Turkey  river  and 
the  Volga.  Small  tracts  also  occur  along  Otter  creek  in  Pleasant 
Valley  township.  A  belt  of  lowan  drift,  slightly  modified  by 
alluvial  materials,  borders  the  Wapsipinicon  river  in  Oran  and 
Fremont  townships,  and  Crane  creek  in  the  township  of  Eden. 
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ECONOMIC  PRODUCTS. 

Building  Stone. 

In  Fayette  county  small  quarries  that  can  furnish  stone  suit- 
ahle  for  ordinary  building  purposes  are  numerous  and  well 
distributed.  At  a  number  of  points  in  Clermont  township  an 
inferior  quality  of  stone  is  obtained  from  the  more  calcareoas 


portions  of  the  Lower  Maquoketa  beds.  In  a  few  places  the 
less  cbertv  layers  of  the  Middle  Maquoketa  division  yield  a  suit- 
able material  for  cellar  walls  and  rough  foundation  work. 

Niagara  Limestone. — The  Niagara  limestone  is  the  most  im- 
portant quarry  stone  in  the  county,  from  a  commercial  point 
of  view.  The  quarry  of  Wilkes  Williams,  on  the  east  half  of 
section  24  of  Clermont  township,  produces  practically  all  of  the 
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dreflaed  stone  and  range  material  that  is  marketed  in  this  area. 
A  view  of  the  ledge  worked  is  presented  in  figure  50.  The  bed 
consists  of  thick,  homogeneous  layers  at  the  base  of  the  Niagara. 
The  stone  is  quarried  in  large  blocks  by  the  "plug  and  feather" 
method.  These  masses  are  then  sawed  to  the  desired  dimen- 
sions, by  means  of  large  steel  blades  which  work  back  and  forth 
horizontally  and  are  constantly  supplied  with  water  and  sand. 
The  distance  between  the  saws  can  be  adjusted  to  cut  slabs  of 
any  desired  thickness.  The  sand  used  for  cutting  is  rather 
angular,  coarse-grained  and  very  ferruginous.  It  is  taken  from 
a  hill  in  the  edge  of  Clayton  county,  and  represents  an  except 
tionally  fine-grained  bed  of  the  valley  phase  of  the  Buchanan 
gravels.  The  quarry  furnishes  sawed  stone  for  sills,  water  tables, 
side  walk  crossings  and  range  work.  The  greatest  demand  is  for 
trimmings  for  buildings. 

Crushing  tests  were  made  at  the  University  of  Wisconsin 
on  five  two-inch  cubes  of  this  stone  with  an  average  result  of 
5,280  pounds  per  square  inch.  The  dimension  stone  is  hauled 
on  wagons  and  loaded  for  shipment  at  the  stations  of  Cler- 
mont and  Postville.  A  market  for  the  products  is  found  in 
many  of  the  larger  towns  of  northern  Iowa,  and  west  into 
South  Dakota. 

The  Williams  and  Davis  quarry,  about  two  and  one-half 
miles  southeast  of  West  Union,  is  worked  in  the  cherty  phase 
of  the  Niagara  limestone.  No  stone  suitable  for  shipment  is 
produced  at  this  place.  At  a  number  of  points  in  the  town- 
ships of  Fairfield  and  Auburn  small  quantities  of  stone  are 
taken  from  Niagara  layers  to'  supply  a  local  demand. 

Devonian  Limestone.  —Layers  of  Devonian  limestone,  from  a 
zone  between  the  horizon  of  very  abundant  Gypidula  cotnis 
and  that  of  Acervularia  profunda,  are  worked  at  a  greater 
number  of  more  widely  separated  points  than  any  other  rocks 
of  the  county.  Stone  of  this  horizon  is  quarried  at  a  number 
of  places,  near  the  top  of  the  bluffs,  in  the  town  of  Fayette. 
The  layers  here  are  more  or  less  broken  and  furnish  a  yellow, 
earthy,  magnesian  stone  of  excellent  quality.  Materials  which 
correspond  in  color,  lithology,  and  geological  position  with 
those  worked  at  Fayette  are  quarried  in  the  northwest  J  of 
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section  6,  Windsor  township,  and  also  in  the  extreme  north- 
west corner  of  section  2  of  the  township  of  Bethel.  Small 
quarries  are  also  operated  in  the  rocks  of  this  horizon  near 
Alpha  and  Waucoma,  in  Eden  township. 

In  the  vicinity  of  Maynard  and  Fairbank  the  stone  that  sup- 
plies the  local  demand  is  taken  from  beds  that  are  the  equiva- 
lent of  those  worked  at  Fayette,  but  the  material  is  much  less 
magnesian.  Blocks  of  desirable  size  are  not  so  readily  obtained 
from  these  non-magnesian  layers,  and  the  materials  are  much 
less  durable. 

lilme. 

There  is  no  lime  burned  in  commercial  quantities  in  Fayette 
county.  In  the  vicinity  of  Auburn  a  small  amount  of  the 
Niagara  limestone  is  burned  each  year  in  rude,  inexpensive 
kilns.  The  stone  is  here  a  remarkably  pure  carbonate  of  cal- 
cium, and  the  quality  of  the  lime  that  is  produced  is  equal  to 
the  best  grades  that  are  made  from  lime  carbonate.  At  a  few 
other  points  over  the  Niagara  area  the  immediate  neighborhood 
needs  are  supplied  by  burning  an  occasional  small  kiln  of  stone. 


Clay. 

The  clay  resources  of  this  area  are  for  the  most  part  unde- 
veloped. A  large  amount  of  the  clay  products  that  are  used  in 
the  county  are  imported.  Clay  goods  are  manufactured  at  two 
points,  near  Oelwein  and  at  Clermont. 

Oelwein. — The  plant  of  the  Oelwein  Pressed  Brick  Company 
is  located  one  mile  north  and  one  mile  west  of  Oelwein.  It  is 
owned  and  operated  by  Mr.  J.  C.  Knapp.  The  clay  is  taken 
from  a  pit  in  the  Eansan  drift  which  shows  the  following  sec- 
tion: 


3.    Moderately  coarse  sand «    2 

2,    Deposit  resembling  the  valley  phase  of  Buchanan 

gravel 1 

1.  Bed  of  clay  in  which  pebbles  and  small  bowlders 
Ire  not  abundant.  Upper  ten  feet  yellow  in 
color,  blending  into  bluish-gray  at  the  base.  ..,14 
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In  this  pit  the  materials  of  the  second  and  third  members  are 
stripped  away  as  waste.  The  entire  thickness  of  number  1  is 
utilized.  The  clay  is  passed  through  a  crusher  which  consists 
of  double  rolls,  one  with  pins  and  one  with  perforations.  These 
work  in  such  a  manner  as  to  sori  the  most  of  the  pebbles  from 
the  clay  and  to  pulverize  those  that  remain.  The  plant  is 
equipped  with  one  stiff  mud,  and  one  dry  press  brick  machine. 
One  large  Scove  kiln-  and  one  Eudaly  kiln  are  used  in  burning 
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the  wares.  Construction  brick  is  the  only  class  of  goods  pro- 
duced, and  a  market  for  all  of  the  output  is  found  in  the  town 
of  Oelwein. 

Clermont. — The  Clermont  Brick  and  Tile  Company  operates  a 
clay  plant  in  the  north  part  of  Clermont.     They  work  a  body 
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of  shale  from  a  zone  in  the  upper  part  of  the  Lower  Maquoketa 
beds.  The  pit  is  located  about  one-half  mile  east  of  the  plant, 
and  the  shale  is  conveyed  to  the  works  on  wagons.  There  is 
eiposed  in  the  pit  about  twenty  feet  of  shale  which  is  overlain 
with  much  decayed  residual  products  of  the  Middle  Maquoketa 
beds.  See  jBgure  51.  The  shale  is  quite  hard,  and  becomes 
plastic  after  weathering  or  soaking  in  water. 

Results  of  the  rational  and  ultimate  chemical  analyses  of 
this  shale  are  given  below.* 

Silica 28.82 

Alumina « 10.37 

Combined  water 16.24 

Clay  and  sand 55.43 

Iron  oxide 3.76 

Lime 19.14 

Magnesia 5.40 

Potash 5.38 

Soda 7.41 

Total  fluxes 41.09 

Moisture 0.43 

Sulphur  trioxide 3.01 

r^tionjlL  analysis. 

Clay  substance 73.32 

Feldspar 4.93 

Quartz 21.76 

Total 100.01 

The  wares  made  from  the  shale  alone  shrink  but  little  in 
burning  and  are  almost  white  in  color.  Loess  is  mixed  with 
the  shale  in  varying  proportions  to  impart  a  richer  color  to  the 
products.  Construction  brick,  drain  tile,  hollow  block  and 
sidewalk  blocks  are  manufactured  in  white,  mottled  and  red 
colors. 


•Iowa  Geol.  Snnr.,  Vol.  XIV.  p.  868. 
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In  recent  years  common  brick  have  been  made  at  Hawkeye 
by  Mr.  L.  A.  Book,  bat  during  the  past  year  the  plant  has  not 
been  in  operation. 

The  Upper  Maquoketa  beds  consist  of  a  body  of  plastic  shale 
in  no  way  inferior  to  that  used  by  the  Clermont  Brick  and  Tile 
Company.  Shale  of  this  horizon  is  favorably  exposed  at  the 
towns  of  Saint  Lucas,  Auburn,  Brainard,  Lima  and  Wadena. 
Deposits  of  loess  are  also  accessible  near  each  of  these  points, 
if  it  might  seem  desirable  to  mix  this  material  with  the  shale, 
as  is  done  at  Clermont.  So  far  as  the  abundant  supply  of 
excellent  raw  material  is  concerned,  all  of  the  more  common 
clay  wares  might  be  successfully  manufactured  at  any  one,  or 
all,  of  the  above  mentioned  towns  in  Fayette  county. 


Sand. 


There  are  no  deposits  of  merchantable  sand  found  in  the  area 
under  consideration.  Gravel  and  finer  material  suitable  for 
use  in  cement  walks  may  be  found  along  the  beds  of  the  most 
of  the  larger  streams.  Such  materials  occasionally  occur  in 
deposits  of  the  valley  phase  of  the  Buchanan  gravels.  The 
river  laid  materials,  when  screened,  furnish  sand  adapted  for 
making  common  lime  plaster  and  mortar.  They  supply  prac- 
tically all  of  the  sand  used  in  the  county  for  these  purposes. 


Road  Materials. 

Deposits  of  the  Middle  Maquoketa  rocks,  and  beds  of  the 
Niagara  and  the  Devonian  limestone  furnish  material  that 
would  make  very  serviceable  macadam.  Outcrops  of  such  beds 
are  fortunately  distributed  so  that  nearly  every  township  of  the 
county  is  accessible  to  a  supply  of  such  stone  within  easy  haul- 
ing distance. 

However  great  may  be  the  desirability  of  macadamizing  the 
country  roads,  its  great  cost  will  make  such  a  proposition  im- 
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practicable  over  a  large  portion  of  the  county  for  many  years 
to  come.  There  are  about  seventy  miles  of  public  roads  in  each 
township,  and  at  present  the  average  sum  of  money  that  is  an- 
nually expended  on  the  roads  of  each  township  is  less  than  one 
thousand  dollars.  If  this  entire  amount  could  be  applied 
towards  macadamizing  the  roads  there  would  be  only  a  frac- 
tion of  one  mile  covered  each  year.  Under  the  present  condi- 
tions the  greater  portion  of  the  road  tax  in  each  township  is 
required  to  keep  all  of  the  roads  in  a  passable  condition,  with- 
out any  attempt  being  made  at  permanent  road  building. 

At  the  present  time  it  would  seem  wiser  to  work  along 
cheaper  lines  of  road  improvement.  All  of  the  country  roads 
could  be  gradually  graded  up  in  such  a  manner  that  the  water 
that  falls  upon  them  could  quickly  escape  at  the  sides.  A  line 
of  drain  tile  could  be  placed  down  the  middle  of  the  road  or  at 
the  roadsides,  where  the  subsoil  demands  underdrainage,  and 
further  away  at  points  where  it  may  be  required  to  divert  the 
water  of  a  porous  soil  stratum  from  entering  the  roadbed. 
When  the  roads  are  prepared  in  this  manner,  and  then  a  top 
dressing  of  gravel,  a  few  inches  in  thickness,  is  applied,  a  very 
excellent  and  permanent  roadbed  is  secured.  The  cheapness 
of  such  a  plan  of  road  improvement  makes  the  method  feasible 
under  present  conditions.  Fortunately  for  the  people  of  Fay- 
ette county,  the  beds  of  Buchanan  gravel  are  abundant  and 
well  distributed  over  the  area,  as  is  shown  on  the  map  of 
Superficial  Materials.  The  constituent  particles  of  these 
deposits  are  of  such  size  that  without  further  preparation  they 
are  ready  to  be  hauled  out  and  applied  to  the  road.  A  start 
has  already  been  made  in  building  gravel  roads  over  this  area, 
the  success  of  which  justifies  the  much  more  extended  use  of 
these  fine  gravels  in  building  excellent,  cheap  and  durable 
country  roads. 


542  GEOLOGY   OF   FAYETTE   COUNTY. 


Cement  Materials. 

In  recent  years  the  expansion  of  the  uses  to  which  Portland 
cement  is  applied  has  been  extremely  rapid.  In  some  of  the 
adjoining  states  the  manufacture  of  cement  has  become  a  very 
important  industry,  but  as  yet  there  is  no  cement  producing 
plant  in  Iowa.  On  this  account  the  location  in  our  state  of  de- 
posits suitable  for  the  manufacture  of  Portland  cement  is  of 
more  than  casual  interest.  With  this  purpose  in  view  samples 
were  collected  from  the  most  promising  localities  in  Fayette 
county,  and  submitted  to  the  Survey  Chemist  for  analysis.  The 
samples,  numbers  1  and  2,  were  collected  from  near  the  village  of 
Auburn.  Number  1  represents  the  Upper  Maquoketa  shale, 
and  number  2  came  from  the  non-dolomitized  Niagara  lime- 
stone that  overlies  the  shale  at  this  place.  The  results  of  the 
analyses  of  these  two  samples  were  reported  by  Professor 
Michael  as  follows: 

SampU  Number  /.    Shale. 

FBB  OIHT. 

Silica.  SiO» 49.60 

Alumina  AltO^ 6.36 

Iron  oxide,  PetOs 6.25 

Lime,  CaO 22.45 

Magnesia,  MgO 0.20 

Soda,  Na»Q 0.35 

Potash,  K,0 * 0.90 

Lfoss  on is:nition ; 13.56 

Sulphur  trioxide 0 .  37 

Sample  Number  2,    Limestone. 

Silica 0.68 

Alumina  and  iron  oxide 0.50 

Calcium  carbonate 98.52 

A  calculated  mixture  consisting  of  4,049  pounds  of  raw  shale 
used  with  9,946  pounds  of  the  limestone  would  yield,  upon 
calcining,  about  9,105  pounds  of  cement  having  a  composition 
of  silica  20.08  per  cent,  and  calcium  oxide  64.00  per  cent.  The 
purity  of  the  limestone,  sample  number  2,  is  remarkable  and 


OBMENT   MATERIALS.  543 

the  per  cent  of  the  magnesian  ingredient  is  extremely  low. 
The  materials  here  are  almost  unlimited  in  quantity,  and  are 
readily  accessible.  There  seems  little  doubt  that  from  some 
combination  of  the  above  shale  and  limestone  materials  a  very 
excellent  grade  of  Portland  cement  could  be  produced.  The 
apparent  serious  drawback  to  the  profitable  working  of  these 
beds  lies  in  the  fact  that  the  nearest  railroad  point  is  West 
Union,  five  miles  distant. 

Near  Clermont  a  sample  for  analysis  was  taken  from  the 
limestone  layers  of  the  Isotelus  maximus  beds,  and  from  the 
bands  of  shale  which  lie  between  these  calcareous  layers.  The 
following  are  the  results  of  these  analyses: 

Limestone  Shale 

PSB  OEHT  PBB  OBNT 

Silica 1 1 .  95  33 .  82 

Alumina  and  iron  oxide 2.80  9.75 

Calcium  carbonate 84.80  56.66 

Magnesium  carbonate 0.45  3. 17 

Soda 00  1.82 

Potash 00  4.25 

Loss  on  ignition 00  IS. 60 

Sulphur  trioxide 00  1.62 

A  calculated  mixture  consisting  of  11,086  pounds  of  the 
limestone  with  4,147  pounds  of  the  shale  would  give,  after 
calcining,  about  10,400  pounds  of  cement  of  the  composition 
silica  27.24  per  cent  and  calcium  oxide  65.79  per  cent.  The 
proportion  of  silica  above  is  larger  than  would  be  desired.  It 
might  be  possible  to  lower  the  percentage  of  silica  in  other 
combinations  of  these  materials  without  appreciably  affecting 
the  lime. 

Mixtures  of  the  limestone  and  shale  from  the  Isotelus  maximus 
horizon  do  not  promise  such  satisfactory  results  as  do  those  of 
the  limestone  and  shale  deposits  near  Auburn.  However,  the 
greater  accessibility  of  the  former  deposits  to  railroad  facilities 
would  make  it  desirable  for  prospective  cement  producers  to 
test  the  combinations  of  these  materials  more  fully  before  pro- 
nouncing the  beds  unsuitable  for  cement  manufacture. 
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Water  Supplies. 

The  larger  streams  of  the  area  furnish  an  unfailing  supply  of 
water.  Even  their  smaller  afOluents  which  rise  in  the  seapy 
sloughs  ove^  the  Iowq.n  drift  plain  have  a  constant  flow  through- 
out the  year.  Over  the  greater  portion  of  the  area  wells  in  the 
Pleistocene  deposits  furnish  an  abundance  of  water  at  a  depth 
varying  from  twenty  or  thirty,  to  one  hundred  and  forty  feet. 
In  the  northeastern  portion  of  the  county,  the  top  of  the  Maquo- 
keta  shale  determines  a  line  of  springs,  many  of  which  have  a 
perennial  flow,  and  furnish  an  excellent  supply  of  water. 


Water  Powers. 

The  large  streams  of  the  county  furnish  ideal  conditions  for 
developing  strong  water  power.  Along  the  Turkey  river  a  well 
kept  and  well  furnished  mill  is  operated  at  Eldorado,  and  further 
south  there  is  another  at  Clermont  and  still  another  at  Elgin. 
Until  recent  years  a  mill  has  been  kept  up  at  Dover  Mills,  but 
at  present  the  dam  is  out  of  repair.  At  Auburn,  on  the  Little 
Turkey  river,  there  is  a  well  equipped  mill  with  excellent 
power.  Another  such  mill  is  operated  at  Waucoma.  At  the 
village  of  Alpha  a  mill  on  Crane  creek  does  a  flourishing  busi- 
ness in  flour  and  feed.  Water  power  is  also  utilized  at  Fairbank 
on  the  Wapsipinicon  river. 


Lead. 

Persistent  rumors  of  the  finding  of  deposits  of  lead  reached 
the  writer  during  the  prosecution  of  the  field  work  in  this  area,  '  \ 

although  careful  search  revealed  no  grounds  for  such  reports. 
There  are  men  who  relate  in  all  seriousness  how  in  the  early 
days  lead  mines  were  secretly  worked  by  the  Indians  in  this 
region.  What  is  even  worse  they  seem  to  expect  credence  to 
be  placed  in  their  word.    The  lead  that  is  mined  in  Dubuque 
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dollar  and  twenty-five  cents  per  day.  Doctor  Parker,  of  Fay- 
ette, has  panned  gold  out  of  the  sands  of  Alexander  creek, 
south  of  Fayette.  Responsible  parties  state  that  gold  was 
exploited  with  small  returns  in  the  gravels  and  sands  of  Bear 
creek  a  short  distance  east  of  Cornhill,  in  Fairfield  township. 

In  each  of  the  above  cases,  as  with  all  the  gold  found  in  our 
state,  the  minute  particles  of  the  precious  metal  were  dissemi- 
nated in  the  drift,  with  which  material  they  were  brought  down 
by  the  ice  sheets  from  the  northern  ledges.  These  particles 
have  become  segregated  in  the  sands  and  gravels  along  the 
streams  by  the  sorting  action  of  the  water.  The  presence  of 
minute  grains  or  scales  of  gold  along  the  beds  of  the  drift 
streams  is  quite  common  in  Iowa,  and  in  other  states.*  Like 
the  finding  of  copper,  the  presence  of  such  gold  particles  in  the 
sands  that  have  washed  out  of  the  drift  is  no  indication  that 
such  materials  occur  in  the  native  rocks  of  our  state. 
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Blast  furnace  slag,  71.         ' 

Analysis  of,  71. 
Bliss  quarry,  218 

Bloom  field    township,    Niagara    lime- 
stone in,  393. 

Well  records  in,  409. 
Blue  creek,  154. 
Bog  willow,  266. 
Book  brickyard,  540. 
Brainard,  478. 

Elevation  of,  454. 
Breccia,  defined.  163. 
Brecciation,  possible  causes  of,  163. 
Brickyard.   Aikley.  221. 
Baxter,  353 
Book.  540. 
Clermont,  538. 
DeutremoDt  &  Gross,  222. 
Garrison,  222. 
Harrington,  353 
Hennemat),  353. 
Henning,  353. 
Holdsworth,  352. 
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Brickyard,  Lyoas,  427. 

McAllister.  352. 

McKinney,  A27. 

Morrow,  223. 

Newby  &  Macy,  349. 

Oelwein.  537. 

Orcutt,  315,  350, 

Price,  426. 

RiDk,  427. 

Robinson,  256. 

Shamburg,  353. 

Shannon,  222. 

Smith,  222. 

Stewart,  256. 

Straight  Brothers,  256. 

Trajorsky,  222. 
Broaddy,  Mr.,  175. 
Browns,  Elevation  of,  380. 
Brush  creek,  304. 
Buchanan  gravels,  205,  251.  525. 
Buffalo  creek,  154. 

Building  stones,  218,  258,  354.429,535. 
Bumastus  orincaudatus ,  469,  488. 
Burnett  well.  253. 
Burning  bush,  572. 
Bur  oak,  267. 
Burris  mine,  345. 

Calamus,  Elevation  of,  80. 
Calcareous  marls,  102. 
Caldwell  mine,  199. 
Calhoun  creek,  304. 
CallE.,  cited,  131. 

Calvin,  S.,  cited,  103,  107,  108,  110,  152, 
154,    163.  164,  194.  199.206, 
209.  403,461,  491,  530. 
Work  of,  3.  4. 
Calymene  senaria^  4^,  488. 
Catnarotcechia  neglecta,  497. 

prolifica,  183,195,  197. 
Cameroceras  proteiforme^  471,  488. 
Camp  creek,  303. 
Caprifoliacese ,  275. 
Carboniferous  system,  255,  404. 
Carson  Brothers'  mine,  339. 
Carver,  Thomas,  199. 
Cascade  fifulch,  475. 
Cascade  Hollow  section,  114. 
Causes  of  brecciation,  163. 
Cavitt  mine,  342. 
Cedar  creek,  242. 
Cedar  river,  150. 

Cedar  Valley  limestone,  108,  218. 
General  section  of  194. 
stage,  166,  573. 
Celastraceee,  272. 
Celastrus  scandens^  272. 
CelHs  occidentalism  268. 
Cement  and  Cement  Materials  in  Iowa, 
33.  102. 
blocks  in  Iowa,  32. 
materials  in  Iowa,  102. 

Fayette    county  542. 


Cement  fixtures,  Analyses  of,  91. 

Burning  of,  91. 
Composition  of,  90. 
plants,  124. 
Portland,  50,  51. 
production  in  U.  S.,  37. 
Cement  rock,  62. 

Analyses  of,  64. 
InU.  S.,  64. 
Lehigh,  62. 
Cements,  Carbonate,  42,  44. 
Complex,  46. 
Hydrate,  42,  43. 
Natural,  48. 
Ozychloride,  42. 
Portland,  48. 
Puzzolan,  50. 
Silicate,  42. 
Simple,  41,  42. 
Center  township,  Niagara  in.  394. 

Well  records  in,  411. 
Ceraurus  icarus^  469,  488. 

pieurexanthemus  ^  469,  488. 
Chalk,  66. 

Analyses  of,  67. 
Characters  of ,  66. 
Composition  of,  66. 
deposits  in  Iowa,  103. 
Distribution  of,  66. 
Origin  of,  66. 
Character  of  kiln  coals,  96. 
Charlotte,  Elevation  of.  380. 
Cherry  creek,  299,  301. 
Chester  lake,  236. 
Chilton  quarry  section,  115. 
Choke  cherry,  270. 
Chonetes  cancellatus^  162,  164. 

scitulus^  197. 
Cladopora  iowensis,  178,  191,  505. 

magna,  197,  517. 
Classification  of  cements,  41. 
Clay  analyses,  539,  543. 
Clay  production  in  Iowa  in  1904,  17,  23. 
24,  25. 

in  1903,  17. 
in  1902,  17. 
Clays  (see  also  Brick) . 

in  Benton  county,  221. 
Clinton  county,  426. 
Emmet,  Palo  Alto  and  Poca- 
hontas counties.  256. 
Fayette  county,  537. 
Jasper  county .  348. 
Clays  and  shales,  71. 
Clay  works  at  Armstrong,  256. 

Baxter.  353. 
Belle  Blaine.  222. 
Clermont.  539. 
Clinton,  426. 
Colfax,  353. 
DeWitt,  427. 
Fonda,  256. 
Garrison,  222. 
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Clay  works  at  Kellogg,  352. 

Lynnville,  349. 
Lyons,  427. 
Monroe,  350. 
Newhall,  223. 
Newton,  352. 
Norway,  222. 
Oelwein,  537. 
Rolfe,  257. 
Shellsburg,  222. 
Spencer,  257. 
Vinton.  221. 
Wheatland.  427. 
Clear  creek,  299. 
Clear  lake,  237. 

Clermont  Brick  and  Tile  Company,  538. 
Abandoned  shale  pit  of,  477. 
Clay  pit  of,  539. 
Clermont,  Elevation  of,  426. 
Clinker  grinding,  98. 
Cost  of,  98. 
Fineness,  99. 
Clinton  county,  Geology  of,  454. 
Clinton,  Elevation  of,  480. 

Latest  waterworks  well  at, 384. 
wells,  381. 

Samples  from,  382. 
Section  of»  382. 
ClitamboniUs  diversa,  470,  471. 
Clover  Hill  mine,  344. 
Coal  analyses.  123. 
Coal  in  Jasper  county,  335. 
Colfax  district,  343. 
Lynnville  district.  336. 
Monroe  district,  337. 
Newton  district,  339. 
Oswalt   344. 

Prairie  City  district,  342. 
Vandalia.  342. 
Coal  Measures,  311. 
Coal  mine,  Alfree,  341. 
Burris,  345. 
Caldwell,  199. 
Carson  Brothers,  339. 
Cavitt.  342. 
Clover  Hill,  314. 
Colfax  Consolidated,  345. 
Collins,  341. 
Davis,  345. 

Diagonal  company,  344. 
Edwards,  338. 
French  Brothers,  340. 
Fowles,  341. 
Good  Brothers.  341. 
Hanson,'343,  346. 
Harrington,  343,  346. 
Jasper    County    Coal  and 

Mining  Co.,  337.  343. 
Klondike.  314,  346. 
Lister,  340. 
Marshall,  337. 
Meredith.  336. 
McConoghey,  338. 


Coal  mine,  Norris,  342. 
Pattison,  339. 
Pulver,  342. 
Shaff  Brothers.  338. 
Sharf  Brothers,  337. 
Shaw,  337. 
Slaughter,  343. 
Snooks,  339. 
Valeria  company,  344. 
Warrick  Brothers,  344. 
White,  316.  342. 
Coal  production  in  Iowa  in  1904,  17,  21, 
22. 

in  1903,  17. 
in  1902.  17. 
in  Jasper  county,  335. 
Coggan  beds,  158.  218. 
Colfax,  clay  works.  353. 
coal  district,  343. 
Consolidated  Coal  Company ,  345. 
Elevation  of,  291 
mineral  water,  363. 
well,  307. 
Comparison  of  Iowa  coals,  347. 
Composition  of  blast  furnace  slag.  71. 

cement  mixtures,  90. 
chalk,  66. 

fresh   water  marls,  69. 
gravel,  421. 
limestones,  57. 
marls,  69. 

Portland  cements,  53. 
slates,  73. 
Constitution  of  Portland  cements,  100. 
Contact,  Niagara  and  Devonian,  497, 

502. 
Copper  in  Benton  county,  223. 
Clinton  county,  430. 
Fayette  county,  545. 
Jasper  county,  359. 
Comaceee,  275. 
Cost  of  drying  material,  80. 

excavation  of  raw  material,  73. 
raw  materials  at  mill,  76. 
Cottonwood,  216. 
Crane  creek,  456. 
Craspedopkyllum  strictumt  517. 
CraUegus  coccinea,  270. 
tnollis,  270. 
punctata^  270. 
Cratty,  R.  I.,  Forestry  notes  for  Em- 
met county,  260. 
Creek,  Alexander.  509. 
Alio  way,  303. 
Bear,  154,  205  481. 
Blue,  154. 
Brush,  303. 
Buffalo,  154. 
Calhoun,  304. 
Camp.  303. 
Cedar,  242. 
Cherry,  299,  301 . 
Clear,  299. 
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Creek,  Crane,  456. 

Cylinder,  242. 

Deep,  378. 

Elk.  299,  302,  378. 

Harts-mill,  375. 

Hiokle,  154,  192. 

Indian,  299,  301. 

Jack.  242. 

Lizard,  242. 

Mud,  154,  299. 

Old  Man.  154. 

Otter,  256, 

Prairie,  152,  299,  301. 

Pratt.  154.  220. 

Rafferty,  336. 

Rock,  154,  303 

Salt,  152. 

School-Section,  241. 

Silver,  299,  379. 

Snipe,  303. 

Squaw,  299,  302. 

Stein,  150. 

Sugar,  303,  378. 

Walnut,  304. 

Weasel,  154. 

Wildcat.  205. 

Willow,  242. 

Wolf.  154.  299. 
Crippin.  Elevation  of.  239. 
Crushing  tests  of  Williams'  quarry  stone, 

536. 
Crystal  lake.  239. 
Cumulose  deposits,  210. 
Curlew,  Elevation  of.  239. 
Cut  at  Fayette,  506. 
Cyclonema  bilix,  480,  487. 
Cylinder,  Elevation  of,  239. 
Cylinder  creek.  242. 
Cyrtina  hatniltonensiSy  165,  197,  511,  517. 
Cyrtoceras  camarum,  470,  488. 
CysHphyllumatnericanum,  169,  196,517. 
Data  on  deep  strata  381. 
Davidsen  tube  mills.  90. 
Davis  mine.  345. 
Deep  creek ,  378. 
Definition  of  marls.  67. 

Portland   cement.    51,   53. 
Deformations  of  strata. 

Benton  county,  216 
Payette  county,  532. 
Delaware  stage,  402,  489. 
Des  Moines  formation,  117. 
river,  240,  303. 
stage,  310.  404. 
Devil's  Backbone.  489. 
Devonian  limestone,  107. 

Analyses  of,  108, 109,  110,  111. 
General  section.  519. 
system.  500. 
De  Witt  clay  works,  427. 

township.  Niagara  in.  395. 

Well  records  in,  411. 
well.  385. 


Diagonal  Coal  Company.  344. 

Mine  of.  344. 
Dielastna  iowensis^  192,  516. 518. 
most  abundant.  518. 
roemingeri,  515.  516. 
Distribution  of  chalk  in  U.  S. ,  66. 

fresh  water  marls,  69. 
precipitation,  296. 

Divisions  of  Niagara  limestone,  402. 
Donnan,  Elevation  of,  454 . 
Dooly  quarry.  319,  355. 
Dover  Mills.  Elevation  of.  454. 

section,  465. 
Drainage.  Benton  county,  149. 
Clinton  county,  377. 
Emmet,  Palo  Alto  and  Poca- 
hontas counties,  240. 
Payette  county.  455. 
Jasper  county,  292. 
Dredging,  75. 

Drift,  lowan,  206.  288.  418,  527. 
Illinoian.  417. 

Kansan.  203,  251,  284,416.  523. 
Pre-Kansan.  415,  521. 
Wisconsin,  250,  290. 
Drupacese,  270. 
Dryer,  80. 

Cummer.  89. 
Ruggles- Coles,  81. 
Drying  blast  furnace  slag.  86. 
kiln  coals.  97. 
raw  cement  materials.  79. 
Dwi^an's  quarry,  175. 

Earlham  limestone.  120. 

Bast  Des  Moines  river.  243. 

Eckel.    E.    C.   Cement  and   Cement 
Materials  of  Iowa.  33,  41. 

Economic  products,  Benton  county ,  218. 

Clinton  county.  426. 

Emmet,  Palo  Alto 
and  Pocahontas 
counties.  256. 

Fayette  county ,  535. 

Jasper  county.  335. 

Economics  of  slag  limestone  mixtures.  86. 

Eden  township,  Niagara  in.  396. 

Well  records  in.  411. 
Edwards  mine.  338. 

Effect  of  composition  on  burning.  96. 
heating  on  limestone,  61. 

Elbow  lake.  237. 

Eldorado,  Elevation  of.  454. 

Elgin.  Elevation  of.  454. 

Elk  creek.  299.  302,  378. 

Elk  River  Junction ,  380. 

Elk  River  township.  Niagara  in,  396. 

Elwood,  Elevation  of ,  454. 

Emmet  county  forestry  notes,  260. 
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Emmet,    Palo   Alto    and    Pocahontas 
counties,  Geology  of,  227.    ■ 
Alluvium,  244. 
Altitudes,  Table  of,  239. 
Buchanan  gravels,  251. 
Carboniferous  system ,  255. 
Clay,  256. 

at  Armstrong,  256. 
Fonda,  256. 
Rolfe.  257. 
near  Spencer,  257. 
Creeks,  242. 
Drainage,  240. 
Economic  products.  256. 
Forestry     notes 

for.  260. 
Fuel  supply, 258. 
Geological  formations,  244. 
Gravels,  258. 
Kansan  drift.  251. 
Lakes,  235,  236,  237. 
Physiography,  233. 
Pleistocene  system,  244. 
Pre- Kansan  sands  and  gravels, 

254. 
Saint  Louis  limestone,  255. 
Stone.  258. 
Stratigraphy  243. 
Synoptical  table.  244. 
Topography.  233. 
Water  supply,  258. 
Wisconsin  drift,  250. 
Emmetsburg,  Elevation  of,  239. 
Erosion  interval,  407. 

in  Wisconsin  drift,  301. 
Erratics  in  drift,  417,  419. 
Essentials  of  Portland  cement,  54. 
Estherville.  Elevation  of.  239. 
Euonymus  atropurpureus ,  301. 
Pagaceae,  267. 
Pairbank,  Elevation  of,  454. 

quarry  section,  514. 
Falling  sprmg,  488. 
Farnsworth.  Dr.  J.  P.,  cited,  373,  406. 
Favosites  alpenensis^  171,  516. 
favosus,  497.  498,  499. 
niagarensis^  394,  497. 
placenta,  375. 
Fayette  breccia,  108.  161,  218,  508. 
Fayette  county.  Geology  of,  433. 
Aftonian  stage,  523. 
Alluvial  areas ,  534. 
Altitudes,  454. 
Buchanan  gravel,  525«^ 
Building  stone,  535. 
Cedar  Valley  stage,  573. 
Clay,  537. 

Clermont  Brick  and  Tile  Com- 
pany, 538. 
Contact  Niagara- Devonian, 

497.  502. 
Copper,  545. 
Deformations,  542. 


Fayette  county — Continued, 
Delaware  stage ,  489. 
Devonian  system,  500. 
Drainage.  455. 
Economic  products,  535. 
Galena-Trenton  stage,  461 . 
Gold.  545. 
lowan  drift,  527. 
Kansan  drift,  523. 
Lime,  537. 
Maquoketa  stage,  463. 

Divisions  of,  464. 
Niagara  series,  489. 
Ordovician  system,  461. 
Pleistocene  system,  521. 
Pre-Kansan  stage.  521. 
Road  materials,  540. 
Soils,  533. 
Stone.  535. 
Stratigraphy,  458. 
Terrace  formations,  451. 
Topography,  452. 
Water  powers    and    supplies, 
544. 
Fayette,  Elevation  of,  454. 

Railroad  cut  at,  506. 
Fifty-foot  rock,  118. 
Fineness  of  grinding  clinker,  99. 

mixture,  82. 
Fistulipora  constricta,  164. 
Fonda,  Elevation  of,  239. 
Formations,  Table  of,  157,  244,305, 381, 

460. 
Fort  Dodge  cement,  117. 

limestone,  117. 
Fossils  of  Maquoketa,  487. 
Forestry  notes  for  Emmet  county,  260. 
French  Brothers'  mine,  340. 
Fresh  water  marls,  Analyses  of,  70. 

Composition  of,  69. 
Qistribution  of,  69. 
Origin  of,  68. 
Fuel  requirements,  94. 
Actual,  95. 
Theoretical,  94. 
Fusispira  nodilis,  462. 

ventricosa,  462. 
Galena-Trenton  stage,  388,  461. 

Character  of 
rocks  of,  461. 
Fossils  in  Fayette 
county,  462. 
Garrison,  Elevation  of,  148. 
Gas  as  a  kiln  fuel,  96. 
Geest.  407,  493.  520. 
Geikie,  cited,  163,  178. 
General  characters  of  limestone,  66. 
General  relations  of  strata, 

Benton  county,  155. 
Clinton  county,  380. 
Emmet,  Palo  Alto  and 
Pocahontas  counties, 
244. 
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General  relations  of  strata, 

Payette  county,  458. 
Jasper  county,  304. 
Geographical  distribution  of  marls,  69. 
Geolosrical  formations  of  Benton  county, 

155. 
Clinton  county,  425. 
Emmet,    Palo    Alto 
and    Pocahontas 
counties,  244. 
Fayette  county,  460. 
Jasper  county,  305. 
Geology  of  Benton  county,  125. 
Clinton  county,  373. 
Emmet,  Palo  Alto  and  Poca- 
hontas counties,  229. 
Fayette  county,  433. 
Jasper  county,  279. 
Gilmore  City,  Elevation  of,  239. 

quarry,  258. 
Glaucous  willow,  266. 
Gold  in  Fayette  county,  545. 
Good  Brothers'  mine,  341. 
Goose  Lake,  379. 

Elevation  of,  380. 
channel,  377,  378. 
Gorge,  Post-glacial.  457. 
Grand  Mound,  Elevation  of,  380. 
Granulation  of  slag,  85. 
Gravels,  258,  420,  525. 
Gravels,  Buchanan,  205,  525. 

Wisconsin,  245. 
Greenlee.  C.  B.,  198. 
Griffin  mill,  82. 
Grinding  and  mixing,  81. 
Dry  methods,  81. 
slag  limestone  mixtures,  83. 
Wet  methods,  87. 
Grinding  clinker,  98. 

fur«.2ce  slag,  87. 
Grinnell  well  record,  306 
Gypidula  comis,  164.  171,  508,  510. 

Ugviuscula  164.  508. 
Gypsum  production  in  1904,  17,  30. 

1903,  17, 
1902,  17, 
Addition  to  cement  materials, 
99. 
Gypsum's  quarry.  398. 
Gytonema  pulchelluvn,  470,  487. 
Gyroceras  beds,  163. 
Hackberry,  271. 
Halysitescatenulatus,  398,  497. 
Hall.  James,    cited.  130,  282,  373,  406. 
Hampshire  township,  Niagara  in,    397. 
Hanson  mine,  343,  346. 
Harrington  brickyard,  353. 
mine,  343,  346. 
Hart's  Mill  creek,  375. 
Haverlock,  Elevation  of,  239. 
Hawkeye,  Elevation  of,  454. 
Hazel  nut.  266. 
Heliophyllumhalli,  472,  517. 


Henneman  brickyard,  353. 
Henning  brickyard,  353. 
Herwehe  quarry,  320. 
Hicoria  minima,  263. 
High  calcium  limes,  45. 
Hilgard,  cited,  212. 
Hindia  parva,  469,  472. 
Hinkle  creek,  154,  192. 
History  of  Jasper  county,  281. 
Hoen,  A.  B.,  cited,  110. 
Holdsworth  brickyard,  352. 
Holopea  concinnula  t  488. 
Hamasospira  apriniformis^  497. 
Houser,  G.  L. ,  cited,  46. 
Humboldt  limestone,  116. 
Huntington  mill,  82. 
Hydrate  cements,  43. 
Hydraulic  limes.  47. 
HyPothyris  intermedia^  504,  50S. 
lllinoian  drift,  417. 
stage,  417. 
Impurities  in  limestone,  59. 
Indian  creek,  299,  301. 
Iowa  chalk  deposits,  103. 

Analyses  of,  104. 
Iowa  City  limestone,  10c). 

Analysis  of,  109. 
Iowa  coals.  Analyses  of,  123. 

Comparison  of,  347. 
Iowa  lake,  255. 
lowan  area,  141. 

bowlders,  208,  528.  529. 
lowan  drift,  206,  288.  418,  527. 
Area  of,  139,  442. 
gravels,  531. 

-Kansan  border,  133,  439. 
loess,  208.  529. 
stage.  206.  326,  418.  527. 
Iowa  Paint  Company,  mentioned,  166. 
Iowa  river,  149. 
Ira,  Elevation  of,  291. 
iron,  31. 

in  limestone,  60. 
hchadites  iowensis,  462 
Isotelus  maximus,  467. 

zone,  468. 
Jasper  County  Coal  Company,  343,  346. 
Jasper  county,  Geology  of,  279. 

Alluvium,  330,  334. 
Altitudes  in,  291. 
Clay  works,  348. 
Coal  districts,  335. 
Drainage,  292. 
Economic  products, 335. 
Geological    formations. 

Table  of  ^  305. 
lowan  stage,  326. 
Kansan  stage,  323. 
Kinderhook  strata,  308, 

309. 
Loess,  326. 
Meteorology,  293. 
Mineral  waters,  363. 
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Jasper  county,  Mississippian  series,  308 

Pennsylvanian  series, 

310. 
Physiography,  283. 
Pleistocene  system,  323. 
Post-glacial  sands,  330. 
Red    Rock    sandstone , 

316. 
Road  materials,  357. 
Saint  LfOuis  strata,  308, 

309. 
Sand,  357. 
Soils,  333. 
Stone, 354. 
Stratigraphy,  304. 
Topography,  283, 
Water  power,  366. 
Water  supply,  360. 
Wisconsin  stage,  329. 
Jones,  A.  J. ,  cited,  306,  308. 
Jordan  sandstone,  387. 
Juglandaceee ,  263. 
Juglans  nigra  t  263. 
Juniperus  inrgtniana,  262. 
Kansan  drift.  203,  251,  284,  416,  523. 

Area  of,  137,  284. 
Depth  of,  204. 
Kansan  stage,  203,  251,  323,  416,  523. 
Kearns*  quarry,  218. 
Keiser  quarry,  188.  219. 
Kellogg,  clay  works.  352. 
Elevation  of,  291. 
Stone  near,  355. 
Kemper  quarry,  355. 
Keyes,  Chas.  R. ,  cited,  405. 
Keystone,  Elevation  of.  148. 
Kiel's  quarry,  408. 
Kiln  coals,  Analysis  of,  97. 
Character  of,  96. 
Drying,  97. 
Pulverizing,  97. 
Kimball,  L.  L.,  cited,  37. 
Kinderhook  limestone,  112. 
shale,  112. 
stage,  197. 
strata,  308,  309. 
King,  cited.  214. 
Kirkland  quarry,  189. 
Klondike  coal  mine,  314. 
Knapp,  J.  C,  clay  works,  537. 
Knapp  quarry,  185. 
Lake,  Chester,  236. 
Clear,  237. 
Crystal,  239. 
Elbow,  237. 
Goose,  379. 
Iowa,  235. 
Lizard,  237. 
Lost  Island,  236. 
Medium,  237. 
Okamanpadu,  235. 
Okoboji,  236. 
Pelican,  236. 


Lake,  Rush,  237. 
Spirit  236. 
Silver,  237. 
Swan,  236. 
Turtle,  235. 
Twelve  Mile,  236. 
Virgin,  237. 
Lamphear  quarry,  318,  355. 
Lardell's  well,  .252. 

Latest  waterworks  well  at  Clinton,  384. 
La  Tourenne,  199. 
Laurens,  Elevation  of,  239. 
Lead,  Clinton  county,  430. 
Fayette  county,  544. 
Production  in  Iowa,  1904,  17.31. 

1903.  17. 
1902,  17. 
Le  Grande  stone,  113. 

Analysis  of,  113. 
Lehigh  cement  rock,  462. 
Leptaena  rhomboidalis ,  391,  462. 

unicostata,  470,  480. 
Leverett,  Frank,    cited,  374,  416,  417. 
Liberty  township,  Niagara  in,  397. 

Well  records  in,  412. 
Lima,  Elevation  of,  454. 
Lime,  219,  430.  537. 
Lime  Creek  shales,  111. 

Analysis  of.  111. 
Limestone,  Analyses  of,   108,  109,  110, 

111. 
Cedar  Valley,  108. 
Composition  of,  57. 
Devonian,  107. 
Effect  of  heating  on,  61. 
Ordovician,  105. 
Origin  of,  56. 
Physical  characters  of,  61. 
Varieties  of,  57. 
Lincoln  township,  Niagara  in,  397. 
Lingula  iowensis^  462. 
Lister  mine,  340. 
Little  Turkey  river,  456. 
Loess,  326,  422,  529. 

beneath  Wisconsin  drift ,  328. 
bodies  in  gravel  terrace,  531. 
Long's  quarry,  184,  219. 
Lonsdale,  E.  H.,  cited,  104. 
Lophospira  conoidea^  487. 

iillmorensUy  462. 
quadrisulcatay  468. 
Losses  of  heat  in  practice,  94. 
Lost  Nation,  Elevation  of,  380. 
Lower  Maquoketa  division,  464,  465. 
Low  Moor,  Elevation  of,  380. 
Lower  Carboniferous  series,  197. 
Lower  Maquoketa  division,  465. 
Lowlands,  Mississippi,  374. 

Wapsipinicon,  375. 
Lundteigen,  A.  E.,  cited,  40,  106,  109, 

116. 
Luzerne,  Elevation  of,  148. 
Lye  Ilia  americanat  498. 
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Lynnville  clay  works,  349. 
coal  district,  336. 
Elevation  of,  291. 
stone  near,  354. 
Lyons,  clay  works,  427. 

Elevation  of,  480. 
Macbride,  T.  H.,  Geology  of   Emmet, 

Palo  Alto  and  Poca- 
hontas counties,  227* 
Work  of,  10. 
Macyand  Newby  brickyard,  349. 
Magnesia,  58.  ^ 

limit  in  cement  materials,  59. 
Magnesium  limes,  46. 
Mallard,  Elevation  of,  239. 
Malone,  Elevation  of,  380. 
Mains  iowensiSf  269. 
Maquoketa  river,  378. 
Maqnoketa  shale,  388,  463. 

Distribution   of,   391, 

463. 
Divisions  of,  464. 
Fossils  of,  487. 
General  section  of ,  484. 
Thickness  of, 39 1,486. 
Trilobitesof,469,488. 
Typical  exposures,  465. 
Maquoketa  stage,  390,  463. 
Marls,  67. 

Origin  of.  67. 
Marshall  mine,  337. 
Maynard,  Elevation  of,  454. 

Section  at,  515- 
McAllister  clay  pit,  313. 

well,  313. 
McConoghey  mine,  338. 
McDonald  well  section,  314. 
McGee,  cited,  130,  154.  164,  281,  282,283, 

373.  405. 
McKay  well,  352. 
McKinley's  quarry,  186,  217. 
McKinney  brickyard,  427. 
Medium  lake,  237. 
Meredith  mine,  336. 
Merrill,  cited,  156. 
Metals,  Ores  of,  357. 
Meteorology,  293. 
Methods  of  excavation,  73. 

cement  manufacture,  77. 
Middle  Devonian  series,  157. 
Middle  Maquoketa  division,  474. 
Midland  Junction,  Elevation  of,  380. 
Miller.  B.  L  ,  cited,  310.  317,  322,  332. 
Mineral  production  in  Iowa,  1904,  17. 

1903,  17. 
1902,  17. 
Mineral  waters,  363. 

Analysis  of,  365. 
Mines  (see  coal  mines) . 
Mingo,  Elevation  of,  291 . 
Mining,  75. 
Mississippian  series,  308. 


Mississippi  lowlands,  374. 
Missourian  formation,  119. 
Mitchell  county  limestone.  110. 

Analysis  of, 
110. 
Mitchellville.  Elevation  of,  291. 
Monroe  clay  works,  350. 

'coal  district.  337. 
Morgan  quarry.  320,  354. 
Mosnat,  Roy,  cited.  202. 
Morrow  clay  plant,  223. 
Mounds  of  prehistoric  people,  146. 
Mud  creek,  299. 
Murckisonia  gracilis  t  470,  473. 

major,  462. 
Murphy,  Elevation  of,  291. 
Stone  near,  355. 
Natural  cements,  47,  48. 
Newberg,  Elevation  of,  291. 
Ntwberria  johanniSy  5 14 . 
Newberry  cited ,  82. 
Newhall,  Elevation  of,  149. 
Newton  clay  works,  352. 
coal  district,  339. 
Elevation  of,  291. 
water  supply,  361,  362. 
Niagara- Devonian,     contact  exposure, 
497. 
limestone,  389,  392. 
Areal  extent  of,  392.  489. 
Description  of,  392. 
Distribution  in  Fayette  county. 

489 
Divisions  of,  402. 
Thickness  of.  490. 
Niagara,  Sections  of.  395,  396.  397,  399, 
400,  401,   497,  492,  494,  498, 
535. 
Nileus  vizilanSs  469. 

zone,  468. 
Nolan  well  section,  321 . 
Norrismine,  342. 
Northcutt  quarry,  354. 
North  Skunk  river  crossing.  Elevation 

of,  291. 
Norton,  W.  H.,  cited,  108, 131, 158, 161, 
162,  306.308,  361,  382.    417. 
Norway,  Elevation  of,  149. 
Ocher,  358. 
Oelwein,  Elevation  of,  454. 

pressed  Brick  Company,  537. 
Older  Clinton  wells.  381. 

drift  plain,  376. 
Oleaceae,  275. 
Olive  township,  Niagara  in,  399. 

Well  records  in,  412. 
Oueota  limestone,  387. 
Orange  township,  Niagara  in,  399. 

Well  records  in,  413. 
Orcutt  clay  works,  315,  350. 
Ordovician  limestones,  105. 
system,  390,  461. 
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Ores  of  the  metals,  359. 
Origin  of  chalk,  66. 

fresh  water  marls,  67. 
limestones,  56. 
Orthis  biforata  acutilirata,  480,  482. 

taticosta,  391. 
lynx,  480. 
fissicosta,  487. 
fiabtllites,  497. 
hamburgensis,  473. 
hybrida,  402. 
insculpta,  470. 

iowensis,  162,  164,  165,  509.  516. 
kankakensis,  471. 
macfarianet ,  508. 
occidenMis,  391,  480,  482. 
pectinella,  487. 
piicatella.'^U. 
subguadraia,  472,  473. 
testudinaria,  463.  470. 
whitHeldi,  470,  471 . 
Orthoceras  biiineatum,  468. 

sociale,  470. 
Orlhothetes  chemungensis,  164,  168. 

subplana,  497. 
Ostrya  virginiana^  266. 
Oswalt,  Coal  near,  344. 
Otter  creek,  456. 
Ottumwa  limestone,  116. 

Analysis  of,  116. 
Owen,  D.  D.,  cited,  130,  437. 
Paha,  142. 

Palo  Alto  county  (see  Emmet  county). 
Paper  Company  well,  382, 
Papilionacese,  271. 
Paracyclas  elliptica,  164. 
Patrick,  G.  E.,  analyst,  HI. 
Patterson's  mine,  339. 
Patterson  spring,  479. 

Section  at,  479. 
Pelican  lake,  236. 
Pella  limestone,  116. 

Analysis  of,  116. 
Pennsylvanian  series,  310. 
Pentamerella  dubia,  181,  508,  510. 

araia,  164. 
Pentamerus  oblongus^  393,  498. 
Pettit  quarry,  218. 
Phacops  rana,  164,  515. 
Phillipsastrea  biliin^si,  182,  517. 
Pholidosirophia  nacrea,  164,  508,  517. 
Physical  characters  of  limestone,  61. 
Physiography  of  Benton  county,  131. 

Clinton  county,  374. 
Emmet,  Palo  Alto  and 
Pocahontas  counties, 
233. 
Payette  county ,  439. 
Jasper  county,  283. 
Pinaceffi,  262. 
Pitch's  well,  201. 
Platystomaniagarensis,  402. 
Plectamboniies  sericea,  391 .  469.  480. 


Pleistocene  system,  201,  244,  323,  415, 

521. 
Section  of,  522. 
Plover,  Elevation  of,  239. 
Pocahontas  county  (see  Emmet  county. ) 
Polygyra  multilinear  a,  327. 
Pomaceae,  269. 
Populus  alba  263. 

deltoidea,  264. 
monilifera,  264. 
tremuloideSt  263. 
Portland  cements.  48,  50,  51. 

Composition  of,  53. 
Definition  of,  51,  53. 
Methods    of    manu- 
facture, 77. 
Preparation  for  kiln, 
78. 
Post-glacial  deposits.  210. 
gorge,  457. 
sands,  330. 
Postville  Junction,  Elevation  of,  454. 
Prairie  City,  coal  district,  342. 
Elevation  of,  291. 
well  section,  363. 
Prairie  willow,  266. 
Prairie  creek .  299,  301. 
Precipitation,  Table  of.  296. 
Pre-Kansan  drift,  201,  415,  521. 

sands  and  gravels.  254. 
stage.  201,  254.  521. 
Preparation  of  raw  materials,  78. 
Prickly  ash,  271. 
Productella  subalala,  164,  515. 
Production  of  cement  in  U.  S.,  37. 

cement  blocks  in  lowa,32. 
clay  in    Iowa   1904.  17, 
23,  24,  25. 

1903,  17. 
1902,  17. 
coal  in    Iowa  1904,    17, 
21.  22. 

1903,    17. 
1902,    17. 
gypsum  in  Iowa  1904,17, 
30. 

1903,17. 
1902,17. 
lead  in  Iowa  1904.  17.31. 
1903,  17. 
1902   17. 
sand-lime  brick  1*904,  17. 
31. 
Profile C.  R.  I.    &  P.  R.  R.,  in  Jasper 

county,  288. 
Pterinea  detnissa^  480. 
PUrygometopus  callicephalus,  469. 
Ptychophyllum  versiforme,  172,  169. 
Ptyctodus  calceolus,  181,  507. 
Pulverizing  coal,  97. 
Pulver  mine,  342. 
Pure  hard  limestone,  64. 
Putnam  township,  Elevation  in,  454. 
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Pazzolan  cements,  46,  50. 
Pyramidula  siriateila,  327. 
Quarry,  Ales,  408 

Aun^st  Brothers,  161,  218. 
Baldwin,  399. 
Bliss,  218. 
Davis,  536. 
Dooley,  319,  355. 
Owigans,  175. 
Gypsum's  398. 
Herwebe,  320,  321. 
Kearns',  218. 
Keiser,188,  219. 
Kemper,  355. 
Kiel's,  408. 
Kirkland.  189. 
Knapp,  185. 
Lamphear,  318,  355. 
Long's,  184.  219. 
McKinley's,  186,  217. 
Morgan,  320.  354. 
Northcutt,  354. 
Pettit,  218. 
Quinn,  172,  173. 
Keinhart,  355. 
Rosenber^er.  172,  218. 
Tripp,  190.  217. 
Wallace,  218. 
Williams,  535. 
Williams  and  Davis,  494. 
Quarrying,  74. 
Quercus  macrocarpa^  267 . 

rubra  ^  267. 
Quicklime,  430. 
Quinn  quarry,  172,  173. 
Rafinesquina  altemata,  391,  470. 

var.  ioxorhytis,  477. 
deltoidea,  462. 
minnesotensis,  462,  4"0 
Randalia,  Elevation  of,  454. 
Raw  materials  for  cement,  73. 

actually  in  use,  64. 
cost  at  mill,  76. 
Cost  of  drying,  80. 
Cost  of  excavation,  73 
Drying,  79. 

Methods  of  drying,  80. 
excavation , 
73. 
Preparation  of,  78. 
Water  in,  79. 
Rawson's  mill  section.  481. 
Reasnor  coal  shaft  section,  318. 

Stone  near,  355. 
Red  Rock  sandstone,  316. 

Analysis  of,  356. 
Physical  tests  of, 
356. 
Reinhart  quarry,  355. 
Report  of  Assistant  State  Geologist,  12. 

State  Geologist,  3. 
Residual  materials,  520. 
RhamnaceaB,  274. 


Rhui  glabra,  272. 
hirla.  271. 
radicanSt  272. 
Rhynchonella  neenak,  473. 
Rhynchotrema  capax^  391,  470. 

in{EquivalviSy  471. 
periamellosa,  487. 
Rhynchotreta  cuneata  americana,  402. 
Ribes  cynosbati,  268. 
floridum,  264. 
gracilis,  268. 
Riggs,  Elevation  of,  380. 
Ringstead,  Well  section  at,  254. 
Rink  brickyard,  427. 
River,  Cedar,  150. 

Des  Moines,  249,  303. 
East  Des  Moines,  243. 
Iowa,  149. 
Little  Turkey,  456. 
Maquoketa,  37&455. 
Mississippi,  377. 
North  Skunk,  302. 
.  Skunk,  296. 

Turkey,  456. 
Wapsipinicon,  377,  455. 
Road  building,  541. 
Road  materials,  220,  357,  540. 
Robinia  pseudacacia,  271. 
Robin.«ton,  brickyard,  256. 
Rock  Creek,  303. 

Elevation  on,  291 . 
Rodman,  Elevation  of.  239. 
Rolfe,  Elevation  of,  239. 
Roofing  slate,  72. 

Composition  of,  73. 
Rosa  arkansana^  269. 

blanda,  269. 
Rosaceae,  268. 
Rosen  berger  q  u  arry ,  172. 
Rotary  kiln,  92. 

Processes  adapted  for,    84. 
Rubens,  Elevation  of.  239. 
Rubus  occidentalis .  268. 
strigosusy  268. 
villas  us  t  269. 
Ruggles-Coles  dryer,  81. 
Russell,  I.  C,  cited,  77,  103. 
Rutaceae,  271. 

Ruthven,  Elevation  of.  239. 
Saccocrinus  christyi ,  402. 
Saint  Lawrence  limestone,  387. 
Saint  Louis  limestone,  115,  116,  255. 

strata,  308,  309. 
Saint  Lucas,  Elevation  of,  454. 
Saint  Peter  sandstone,  388. 
Salicacea;.  263. 
Salix  alba  vitellina,  265 
afnvgda/oides ,  265- 
bebbiaua,  266. 
cordata,  266. 
discolor.  266 
fluviatilis.  265. 
humilis,  266. 
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Salix  fnyriilloides ,  266. 
nigra  t  265. 
sericea,  266. 
Sand,  221.  357.  428,  540. 
Sand-lime  brick  production,  1904,  31. 
Sand  Prairie,  145. 

Savage,  T.E.,  Administrative  report,  12. 

cited,    114,  115.288,327. 
•     Geology    of    Benton 
connty,  125. 
Geology    of    Fayette 
county,  433. 
Sazifragaceee,  268. 
Section,  Aungst  quarry,  161. 

Bliss,  165. 

Cascade  gulch,  475. 
Hollow,  114. 

Cedar  river,  180. 

Chalk  beds,  104. 

Chilton  quarry.  115. 

Clermont  shale  pit,  477. 

Contact     Niagara  Devo- 
nian, 497.  ^ 

Crane  creek,  511. 

Dover  mills,  465. 

Dwigan  quarry,  173. 

Pairbank.  514. 

Fayette  cut,  506. 

Garrison  quarry,  192. 

General  Cedar  valley.  191. 

General  Devonian,  519. 

General  Maquoketa,  484. 

Keiser,  188. 

Kirkland,  187. 

Klondike  coal  mine,  314. 

Knapp  quarry,  186. 

Lime  Creek  ^ hales,  110. 

Lynnville.  312. 

NTaynard,  515. 

McAllister  clay  pit,  313. 

McDonald  well,  314. 

Morgan  quarry,  320. 

Niagara.   395,   396.    397,   399, 
400.  401. 

Nolan  well,  321. 

Oelwein  clay  plant,  537. 

Patterson's  spring,  479. 

Pleistocene  near  Oelwein,  522. 
near  Vinton.    207. 

Prairie  City  well,  363. 

Quian  quarry,  166. 

Railroad  cut,  162. 

Rawson's  mill,  481. 

Reasnor.  318. 

Robertson  quarry,  120. 

Rosenberger  quarry,  172. 

Specht  ferry,  106. 

Tripp's  quarry.  190. 

Wadena,  near,  482. 

Wallace  quarry,  158. 

Well  section,  201,  252.  254 

Westfield  bridsre.  502. 

West  Union.  517. 


Section,  Whites' coal  shaft,  316. 
Wild  Cat  bluff,  175. 
Williams   and   Davis  quarry, 

494. 
Williams  quarry,  492. 
Windsor.  509. 
Shaff  Brothers'  mine,  338. 
Shamburg  brickyard,  353. 
Shannon  brickyard,  205,  222. 
Sharf  Brothers'  mine,  337. 
Sharon  township,  Niagara  in,  399. 

Well  records  in,  413. 
Shaw  mine,  337. 
Shellsburg,  Elevation  of,  148. 

Topographic  sheet,  148. 
Shifting  sands  in  Jasper  county,  287. 
Silica.  59.  60 

in  limestone,  58. 
Silicate  cements,  42. 
Silurian  system,  392. 
Silver  creek,  299.  372. 
Silver  lake,  237. 
Simple  cements.  41. 
Siphonocrinus  armosus ,  402 . 
Skunk  river,  296. 

Elevation  on,  291. 
Slag.  71. 

Blast  furnace.  71. 
limestone  mixtures,  83. 

Econom  i  c  s 
of,  86. 
Slate,  72. 

Analyses  of.  73. 
Composition  of.  73. 
Slaughter  mine,  243. 
Smidth  ball  mills,  90. 
Smith  brickyard,  222. 
Snipe  creek ,  303 
Snooks  mine.  339. 
Soil,  Alluvial,  215 
Drift.  213. 
Loess,  212. 
Types  of,  212. 
Sandy,  315. 
Swamp,  214 
Soils  of  Benton  county,  211. 
Clinton  county,  430. 
Fayette  county,  533. 
Jasper  county,  333. 
Specht  ferry  section ,  106. 

limestone.  Analysis  of ,  107. 
Spirifer  asperus  ^  164. 

bimesialiSt  165,  171,  513. 
fimbriata,  517. 
nia^arensiSt  402. 
parryanus,  172.  178.  192. 
pennaius,  162,  170,  517. 
subvaricosus ,  517. 
Spirifer  pennatus  beds,  162. 
Spirit  lake,  236. 

Spring  Rock  township,  Niagara  in,  400. 

Well  records  in, 
414. 
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Spring  Valley  township,  Niagara  in,  400. 

Stanley,  Elevation  of,  454. 

Staphyleaceie ,  272. 

Staphylea  tri folia,  272. 

Steiger,  George,   analyst,  109,  114,  116. 

Stewart  brickyard,  256. 

Stone,  218,  258,  354,  535. 

production  in  Iowa  K04,  17,  27, 

28. 
<    1903,  17. 
1902,  17. 
Stover,  C.  C,  254. 
Straight  Brothers*  brickyard,  256. 
SlraparoUus  cyclostomus ,  194. 
Stratigraphy,  Benton  county,  155. 

Clinton  county,  380. 
£mmet,    Palo    Alto    and 
Pocahontas    counties, 
243. 
Fayette  county,  458. 
Jasper  couoty,  304. 
Sireptelasma  corniculum,  462,  473,  477. 
patula,  402. 
spongaxis,  497. 
Strophfodonta  demissa,  163,  164,  518. 
Strophafnetia  lluctuosa^  469. 
incurvaia,  474. 
planutnbona^  470. 
plicata,  391. 
trilobata,  480. 
Sturtevant  mill,  89. 
Succinea  avara^  327,  422. 

ovata,  3^7. 
Sugar  creek,  303. 

Elevation  on,  291. 
Sully,  Elevation  of,  291. 
Sumner,  Elevation  of,  454. 
Swan  lake,  236. 
Syringopora  verticellata  ^  395. 
Table  of  altitudes,  Benton  county,  48 

Clinton  county,  380. 

Emmet,    Palo    Alto 

and      Pocahontas 

counties,  239. 

Fayette  county,  454. 

Jasper  county,  291. 

Table  of  basal  sandstones  and  shales, 

357. 
Table  of  formations,  Benton  county,  1S7. 

Clinton  county,  381. 
Emmet,  Palo  Alto 
and    Pocahontas 
counties,  244. 
Fayette  county,416. 
Jasper  county,  305. 
Table  of  well  records,  408. 
Tentaculites  sterlingensis ,  480 
Terraces  along  Turkey  river,  451. 
Tharp,  G.  M.,  202. 
Theoretical,  fuel  requirements,  94. 
Thickness  of  Maquoketa,  391,  486. 
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